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STUDY ABSTRACT 
In recent years, production shortfalls and increased demand have forced 
Mexico to import large amounts of non-fat dry milk and milk products. It is 
commonly believed that the Humid Tropics region of Mexico possesses 
adequate resources to allev ia te a significant amount of this shortfall. This 
study analyzes the economic performance of three milk production systems 
currently being used in the Humid Tropics of Mexico. These systems are 
Traditional Rejegueria, Improved Rejegueria and Intensive Tropical Dairy. 
Cost and income data were collected from 30 different production units 
in the Humid Tropics. Four performance measures were compared across the 
three systems: 1) average return per liter of milk marketed, 2) average 
return per cow and per head, 3) average return as a percentage of capital 
invested, and 4) the ratio of cash costs to cash generated. 
Based on the performance measures, the Intensive Dairy System 
generated a higher return and was the most productive. The Improved 
Rejegueria System and the Traditional Rejegueria System were second and 
third, respectively. However, high costs of technical assistance in the 
Intensive Tropical Dairy System, among other factors, lead to the conclusion 
that the Improved Rejegueria System had the greatest potential for 
increasing milk production in the Humid Tropics of Mexico. 
Analyses were undertaken to determine the feasibility of traditional 
producers adopting the Improved Rejegueria System. It appears that the 
necessary investment would provide an adequate return, in the long run, at 
real interest rates up to 15 percent. Transition analysis indicates that cash 
flow problems could develop at real interest rates above 15 percent. 
INTRODUCTION 
Milk production in Mexico has traditionally been insufficient to 
satisfy national demand. According to the Instituto Nacional de la Leche 
(INL), 6,64-1.9 million liters were produced in 1979, but an additional 
784-.8 million liters had to be imported to supplement domestic output. 
One result of this is poor nutritional levels for a significant portion of the 
population. According to the Sistema Alimentario Mexicano (SAM), 35 
million Mexicans do not obtain the 2,750 calories and 80 grams of protein 
recommended by the Instituto Nacional de Nutricion (INN) as the 
minimum daily nutritional allowance. This low protein level could be 
improved by increased consumption of milk and milk products, but low 
domestic production levels (i.e., 3-4- liters, per cow, per day vs. 17 -18 in 
the United States) make this difficult. 
The gap between demand and supply is widening. Imports have more 
than doubled from 363 to 785 million liters in the last 10 years. Two main 
factors have contributed to this: population growth and increased per 
capita income levels. 2 Given the income elasticity of demand for a high 
value agricultural product such as milk, demand can be expected to 
increase substantially as incomes rise. These increases in population and 
income make it necessary to improve domestic agricultural production if 
the country is not to import growing amounts of milk and other dairy 
products. 
If Mexico intends to accomplish these increases in output, it must 
bring into production large areas of land and significantly improve 
methods of milk production. The Mexican Humid Tropics, which contains 
3.6 million hectares of underexploited land, is a key area in meeting this 
ob jective) However, chronic problems such as genetic deficiencies, 
disease, nutritional problems in cattle and poor management techniques 
must be overcome if increases in milk production are to take place. 
The Humid Tropics is an area with potential to increase milk 
production in Mexico, yet little analysis has been done to identify and 
evaluate milk production systems currently used in the area. This dearth 
of knowledge is a large obstacle to the formulation of coherent policies 
for development. If intelligent choices are to be made, more should be 
known about current systems used, their characteristics, levels of 
profitability and the feasibility of producers adopting more efficient 
production systems. 
This study examines the economic characteristics and performance 
of three milk production systems in the Mexican Humid Tropics. These 
were researched during a three-month period from (January 15 to 
April 15, 1981) in the states of Tabasco and Chiapas, Mexico. 
The study is organized into seven sections. Section II provides an 
overview of the three systems and fits tropical milk production into the 
overall picture of Mexican dairy output. Section III describes data sources 
and the methodology used in primary data collection. In Section IV, 
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conceptual issues involved in comparing three heterogeneous systems are 
discussed. Statistical analyses of the systems and important variables are 
also included. Section V analyzes the economic efficiency of each system 
utilizing alternative performance measures. Section VI examines the 
feasibility of increasing milk production given the systems currently used. 
The study is summarized in Section VII. 
II 
BACKGROUND 
Definition of the Systems 
Two of the livestock systems to be examined in this study can be 
considered under the common heading of dual-purpose beef and milk 
production systems. The broad-based dual-purpose system known as 
rejegueria* is the dominant milk producing system in the Mexican Humid 
Tropics, in spite of the fact that milk is a secondary product. It 
accomplishes this more out of the sheer number of producers than 
production efficiency. For the purpose of this study, these two 
subsystems are traditional rejegueria and improved rejegueria. As is 
implied, they represent distinct portions of a technological spectrum. 
Traditional Rejegueria 
The farmer at the lower end of the spectrum which comprises this 
system could best be described as a beef producer who has decided to 
begin milking some or all of his cows. His cattle are generally Criollo 
(native breed) or Zebu--not widely exalted for their milk producing 
ability, but well adapted to the rigors of a tropical climate. These breeds 
are sometimes crossed with the European breed Brown Swiss. The calves 
are not separated from their mothers soon after birth, as is common in 
systems in more temperate areas. Instead, they are an intregal part of 
the milk producing process. At each milking (once a day, usuaUy in the 
morning), the calf is allowed to suckle each teat momentarily to 
encourage the cow to let-down her milk and then tied to the mother's 
horns or a nearby post. The cow is then partially milked and turned out 
with the calf to allow it to nurse the remaining milk. It is commonly 
believed that these cattle will not let-down their milk properly and/or 
have shorter lactations if the calf is not present at milking. 4 
Different methods of leaving sufficient milk to sustain the calf are 
used. Some milk two or three quarters leaving those remaining for the 
calf; others milk all quarters partially. There arises here a pronounced 
trade-off for the producer. The less milk left for the calf, the more 
available for sale, thereby increasing short-run income. But, 
undernourished calves are more prone to disease, have a higher mortalit4: 
rate, and have been shown to have a significantly lower weaning weight. 
This decreases the long-run profits to the producer from his principal 
source of income, the sale of calves. The challenge to the producer is to 
remove and sell as much milk as possible while aUowing the calf enough to 
keep itself in reasonably good condition. Another important point is that 
both male and female calves are of equal importance, since little 
emphasis is placed on raising superior replacement heifers for the herd. 
One explanation for this is the secondary importance of milk production. 
*Rejegueria is the common Spanish term used in the Humid Tropics of 
Mexico to identify dual-purpose, beef and dairy, production systems. 
Individual dual-purpose cows are known as rejegas. 
If 
Because of climatic conditions and the genetic capability of the 
cows, lactation periods are relatively short (estimated at an average of 
220 days by Valasco). Also, the lack of written records makes it difficult 
to identify poor producing cows which often have this characteristic. The 
absence of records of vaccinations, parasite control, births, etc., typifies 
the level of management throughout the system. 
A subject that merits further discussion is the trade-off between 
increased short-run milk sales and the decrease in the quality of calves 
that it causes. Economically, there are pressures that many times force a 
producer to opt for more cash in the short-run rather than greater long-
run profits that could be realized from the sale of more, better quality 
calves. The parameters of production are such that it can take up to nine 
months to bring calves to a size suitable for weaning and from two to 
three years to prepare a calf for market. This causes a severe cash flow 
problem for these small producers who generally have no other source of 
income and little access to credit. Many times they are forced to sell 
calves before they reach market weight. Cows are even occasionally sold 
to pay unforeseen expenses (e.g., medical bills). 
In an attempt to obtain cash to pay for necessary items such as food 
not raised on the farm, school costs, and clothing, producers begin milking 
their cows. Minimal start-up costs associated with milking allow them to 
realize a "profit" almost from the first day. Typically, cattle are milked 
in an existing corral. This is constructed from local lumber and barbed 
wire and usually has a post in the center used for tying cattle for 
vaccination, castration, etc. It is also useful for immobilizing cows less 
inclined to make the conversion from a beef to dairy classification. A 
bucket usually is the only additional equipment required to begin 
production. 
Though cash received from the sale of milk is often small, it is a 
steady flow of income to the producer which is many times needed 
desperately. Obviously, the same economic pressures can induce 
producers to sell too much milk, thereby increasing calf mortality and 
lowering total profit. 
Improved Rejegueria 
This "subsystem" encompasses the middle to upper range of the 
prevailing technological spectrum. Improved rejegueria takes the 
traditional system and through more sophisticated management and an 
infusion of capital moves it much closer to its milk producing limits. In 
this transition, milk becomes the primary product, or at least enjoys equal 
status with beef production. 
With the increased emphasis on milk production, producers begin to 
select replacement heifers on the basis of milk producing potential. The 
herds are usually crossbred with European milking breeds such as Brown 
Swiss and Holstein. The Brown Swiss-Zebu and Brown Swiss-Criollo 
crosses are very popular, though some have begun using pure Holstein 
stock. 
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Management techniques are more sophisticated in this system. 
Pastures are usually sown with improved varieties (e.g., African Star 
Grass and Bermuda) and a systematic rotation is followed. At least some 
fertilizer is used, increasing the carrying capacity of the pastures. More 
money is invested in disease prevention and parasite control (both internal 
and external). Records are kept which allow the producer to exert more 
control over reproduction. Poor producing cows can be identified and 
culled because of this. Mechanical milkers are evident but are not a 
necessary characteristic to identify an improved rejegueria producer. 
Milking is done in buildings specifically used for that purpose, the:e~y 
improving sanitation and facilitating the milking process--whether It IS 
done manually or mechanically. Cows are supplemented year-round with 
concentrate, molasses or both. However, supplementation is kept to a 
minimum and is more to insure the general health of the herd than to 
directly increase milk production. 
Intensive Tropical Dairy 
This system is represented by three dairies located in three 
different cooperatively held land areas (ejidos). They are themselves a 
part of a large government-sponsored agricultural project known as the 
Plan Chontalpa. An ejido in the Plan Chontalpa contains 5,000 hectares, 
however, each dairy utilizes only 100 hectares for milk producing 
purposes. The system, as it exists today, is quite different from its 
original form. The evolution it has undergone is relevant to tropical milk 
production. 
These dairies resulted from earlier attempts to create a large milk 
producing capacity in the Plan Chontalpa by transplanting dairy 
technology from temperate areas into the Humid Tropics with only 
superficial changes. This was done by the Nestle Company in cooperation 
with the Mexican government. A number of large confinement dairy 
operations were constructed, each in a different ejido. Huge investments 
were made in buildings, land improvements, fences, equipment, 
supervisory personnel and purebred Holstein cattle in an attempt to 
establish intensive dairies in the Humid Tropics. 
The dairies were to be run by the local communal peasants 
(ejidatarios) already present on the ejidos with the supervision of 
technicians from Nestle. This supervision was to be gradually reduced and 
withdrawn altogether as the ejidatarios became capable of operating the 
dairies. This plan suffered from problems of lack of adaptation on the 
part of the cow which made feeding large amounts of supplements in a 
confined system very unprofitable. Although the cows were able to 
produce relatively large amounts of milk (15-17 liters per cow, per day vs. 
3-4 for traditional Rejegueria), economically the confinement system in 
the Humid Tropics was a disaster. With this realization, an attempt was 
made to salvage something from the project. Outside specialized 
technical assistance was contracted to attempt to adapt the system to 
better utilize the positive factors of the Humid Tropics. 
With the direction and insight of this assistance, the system evolved 
into a pasture intensive (extensive) dairy system in which supplement 
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played only a minor role. This took maximum advantage of the pasture 
producing potential of the tropical climate. The emphasis changed from 
maximizing milk production to maximizing profit, i~e., producing the 
amount of milk 00-11 liters per cow, per day) possible, by utilizing a 
system which minimized the use of supplement and maximized the use of 
pasture as a feed source. This approach effectively minimizes costs and 
has proven to be economically feasible. 
The technical assistance supplied by Nestle was a key factor in the 
development of this system. At the present time, the personnel at the 
three dairies are supervised by an agronomist, veterinarian and an 
administrator (accountant). These persons are in turn responsible to a 
project director. The technicians do not perform the tasks their 
specialties require, instead they only advise the ejidatarios as to what 
should be done if questions arise and make suggestions if they see things 
being done improperly. 
As they exist today, the three Intensive Tropical Dairies each utilize 
100 hectares of improved pasture (African Star Grass) which is divided 
into small grazing areas by internal electric fences. These pastures are 
fertilized on a regular basis and each contains an automatic watering tank 
fed from a system remaining from the original project. The cattle, which 
are all pure-bred Holstein, are rotated to a different area daily. This 
assures that they have maximum access to forage during each grazing 
period. The cows are milked at 2 a.m. and then returned to the pasture 
where they remain until 9 a.m. the next morning. They are then brought 
in and given concentrated feed (2 kilograms), milked at 2 p.m., and 
allowed to pass the hottest hours of the day in the shade of the large dairy 
buildings. They are returned to the pasture in the evening. The system 
emphasizes minimizing stress on the cows. The abundant pasture reduces 
the amount of grazing necessary and the relative coolness of the thatched 
buildings, originally built for confinement purposes, effectively reduces 
heat stress to the herd. Grazing is essentially nocturnal allowing the 
cattle to feed when they are subjected to the least heat stress. In 
addition to these production practices, a detailed and systematic 
vaccination and parasite control program is followed in each dairy. 
The Study Area 
The Humid Tropics is located in the Southern Gulf region of Mexico 
between 17 and 19 degrees latitude north (Map 1). The area is bordered 
on the west by the hills of southeastern Veracruz, on the south by the 
Chiapas highlands and on the east by the limestone platform of the 
Yucatan peninsula.5 The State of Tabasco lies entirely within its 
boundaries. The region is chiefly composed of alluvial coastal plains. 
These lowlands extend inland from the Gulf and rise gradually toward the 
more hilly areas which define its boundaries. Annual temperatures 
average around 26 degrees Centigrade throughout the area. Generally, 
. January is the coolest month and May the hottest with temperatures 
ranging from 15 to 40 degrees Centigrade. During the summer months, 
humidity remains quite high (80-86%). Mean annual precipitation ranges 
from 1,500 mm near the coast to 5,000 mm in the foothills. 5 
STATES 
1. Veracruz 
2. Tabasco 
3. Chiapas 
4. Campeche 
5. Yucatan 
6. Quintana Roo 
7. Oaxaca 
MAP 1 
MEXICO 
Iflli!I;;) HUMID TROPICS 
-.J 
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As in most tropical areas, the seasons are related to precipitational 
characteristics rather than temperature. Three periods- -Dry 
(February l6-June 15); Rainy (June 16-September 15); and Nortes 
(September 16-February 15) are used to define the seasonality of the area. 
The dry period exists only in a relative sense. Average monthly rainfall of 
30-40 mm along the coast and 100 mm in the hills is typical. The 
maximum monthly rainfall is normally experienced in September of the 
Rainy season. Totals for September average 255 mm for the coast and 
729 mm for the foothills) 
The Nortes is an unusual weather phenomenon characterized by wet, 
cool fronts which move down and across the Gulf of Mexico into the 
Tropics, hence the Spanish name. During this season, three to five storms 
pass through the area monthly, accompanied by winds of more than 40 km 
per hour. These storms are responsible for frequent rainfall during a 
period that would otherwise be relatively dry.5 
Milk Production in Mexico* 
Domestic output statistics for Mexico, as estimated by the Instituto 
Nacional de la Leche (INL), show a steady decline in the annual rate of 
increase in milk production during the past few years (Table 2.l).The 
government controlled ceiling price of processed fluid milk is partly to 
blame for this shortfall. The government is faced with the dilemma of 
keeping the retail price of pasteurized fluid milk low to satisfy 
consumers, while at the same time setting a high enough price to provide 
a production incentive. The average official price for the country was 
6.28 pesos per liter (US$ 1.08 per gallon)** in 1980 (Table 2.2). During 
the research period (January-April, 1981), the official price was 7.25 
pesos per liter (US$ 1.19 per gallon) in the Humid Tropics. 
Local cheese processors who are not affected by the price ceiling 
paid from 9-10 pesos per liter to assure adequate supplies of milk. This 
would suggest that the official price is significantly below the price that 
would exist in a free market situation. Also, this low official price 
appears to be diverting larger amounts of fluid milk to be processed into 
cheeses and consumed as non-processed fluid (Bronca) milk. This 
generall~ results in scarcity of pasteurized fluid milk in larger population 
centers. In 1979, the Secretaria de Agricul tura y Recursos Hidraulicos 
(SARH) and the INL estimated that 31.8 percent of the milk produced 
domestically was industrialized and 45.1 percent was consumed directly 
(Table 2.3). 
* Agricultural production data in Mexico are often unreliable, many times 
being only estimations and often inconsistent within themselves. Based on 
observations and insights from the research period in Mexico, an attempt 
was made to select the "best" data available for use in this section. 
However, no assurances can be made that these data reflect the reality of 
milk production in the country. 
* * Mex$ 23 = US$ 1 The Mexican peso has been devalued since field work 
for this study was completed. 
TABLE 2.1 
PRODUCTION AND ANNUAL PERCENT AGE 
INCREASES IN MILK PRODUCTION, 
MEXICO, 1972-1980 
9 
YEAR PRODUCTION ANNUAL INCREASE 
(Millions of Liters) (Percent) 
1972 4,915.2 
1973 5,225.3 6.3 
1974 5,500.0 5.3 
1975 5,808.8 5.6 
1976 5,907.3 1.7 
1977 6,180.9 4.6 
1978 6,509.6 3.3 
1979 6,641.9 2.0 
1980 6,741.5 1.5 
Source: SARH, December 1980 
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YEAR 
1930 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
TABLE 2.2 
NATIONAL PRODUCTION VALUE AND PRICE OF MILK, 
MEXICO, 1970-80 
PRODUCTION VALUE PRICE* 
(Millions of Liters) (Millions of Pesos) (Per Liter) 
4,483.0 8,517.7 1.90 
4,694.1 9,388.2 2.00 
4,915.2 10,321.9 2.10 
5,225.3 12,540.7 2.40 
5,500.0 12,054.0 2.19 
5,808.8 16,773.8 2.89 
5,907.3 18,562.0 3.14 
6,180.9 25,446.6 4.12 
6,509.6 29,496.1 4.53 
6,641.9 30,087.8 4.53 
6,741.5 42,401.4 6.28 
* Average rural price, 1970-73; average minimum price, 1973-84. 
Source: SARH, Subsecretaria de Ganaderia, Instituto Nacional 
de la Leche. 
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TABLE 2.3 
DESTINATION OF MILK PRODUCED, MEXICO, 1979 
DESTINA TION QUANTITY PERCENT 
(Millions of Liters) 
Industrialized 2,112.1 31.8 
Pasteurized 1,534.3 23.1 
Consumed Directly 2,995.5 45.1 
TOTAL 6,641.9 100.0 
Source: SARH, Instituto Nacional de la Leche 
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In order to fill the deficit in milk production, Mexico imports non-
fat dry milk and other milk products; mainly from Canada, New Zealand 
and the United States. Imports have increased throughout the past decade 
and amounted to 785 million liters in 1979 (Table 2.4). This milk, which is 
imported in powdered form, is reconstituted for use as fluid milk. * If this 
recent trend continues, Mexico will be faced with even larger import bills 
as it attempts to satisfy the increasing domestic demand for fluid milk. 
Milk Production in the Humid Tropics 
Because the area of the Humid Tropics encompasses parts of several 
states, it is difficult to ascertain the exact yearly production of the 
region. Data are gathered on a state-wide basis and few attempts have 
been made to estimate production by geographic areas. However, in 1978, 
the INL estimated that from a national total of 6,509.5 million liters of 
cows milk, 759.4 million (8.57 percent) were produced in the Humid 
Tropics. The dairy cow population was estimated at 1,689,297 head from 
a total of 8,198,691. This, unfortunately, gives no indication of trends of 
production in the area. 
Since regional time series data are not available, some insight may 
be gained by considering the statistics for the state of Tabasco. This is 
the only state which lies entirely within the Humid Tropics and occupies a 
large portion of its area (~). From 1972 to 1980, the cattle 
population of Tabasco, as a percentage of the national total, remained 
relatively stable; rising marginally from 4.2 percent to 4.4 percent during 
the period (Table 2.5). But, milk production in Tabasco declined from 2.7 
percent to 2.3 percent of the national total. Also, production did not rise 
significantly during the 1977-1980 period (Table 2.6). This would seem to 
indicate that the Humid Tropics is lagging behind other areas in increases 
in milk production, especially in recent years. This could be explained 
partially by excessive flooding in some areas of the state. According to 
local authorities, farmers faced with flooded pastures over extended 
periods were forced to sell off herds to avoid starving them. Poor prices 
resulted from this dumping of cattle on the market and many producers 
were devastated financially. Recovery has been slow because of this. 
Also, increases in the production in other regions could have the effect of 
reducing the percentage of total national milk production coming from 
the Humid Tropics. As valid as these points may be, the underlying factor 
of the low ceiling price cannot be discounted as a principal cause in the 
stagnation in milk production in the Humid Tropics. 
A final factor having an effect on milk production in the area is the 
Mexican oil boom. Large quantities of petroleum lie below the Humid 
Tropics and PEMEX (Petroleos Mexicanos), the Mexican petroleum 
monopoly, is actively exploiting these reserves. While a drilling rig 
occupies only a couple hectares of land, associated pollution often 
affects much larger areas. This competition for land by PEMEX will 
undoubtedly serve as another restriction for growth in milk and beef 
production, however, the impact is difficult to assess. 
*For statistical purposes, powdered milk is converted to a fluid equivalent 
at a ratio of 1 Kg = 10 liters. 
TABLE 2.4 
TOTAL AVAILABLE FLUID MILK IN MEXICO FROM DOMESTIC 
PRODUCTION AND IMPORTS, 1970-1979 
(Millions of Liters) 
NATIONAL 
YEAR PRODUCTION IMPORTS TOTAL 
1970 4,483.0 363.0 4.846.0 
1971 4,694.1 384.0 5,078.1 
1972 4,915.2 390.4 5,305.6 
1973 5,225.3 434.8 5,660.1 
1974 5,500.0 968.8 6,468.8 
1975 5,808.8 147.2 5,956.0 
1976 5,907.3 506.9 6,lf1lf.2 
1977 6,180.9 772.3 6,953.2 
1978 6,509.4 758.9 7,268.3 
1979 6,641.9 78lf.8 7,lf26.7 
Source: Instituto Naciona1 de 1a Leche 
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YEAR 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
TABLE 2.5 
POPULATION OF CATTLE, 
MEXICO AND STATE OF TAB AS CO, 1972-80 
MEXICO TABAsCO % OF TOTAL 
27,334,724 1,153,885 4.22 
28,102,546 1,196,810 4.26 
28,815,770 1,237,023 4.29 
29,602,265 1,281,626 4.33 
30,460,970 1,333,163 4.38 
31,410,026 1,389,280 4.42 
32,438,655 1,451,242 4.47 
33,545,026 1,517,999 4.53 
34,590,403 1,531,146 4.43 
Source: SARH, December, 1980. 
YEAR 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
TABLE 2.6 
MILK PRODUCTION, 
MEXICO AND STATE OF T ABASCO, 1970-80 
(Thousands of Liters) 
MEXICO TABASCO % OF TOTAL 
4,423,000 -------
4,694,100 -------
4,915,200 134,883 2.74 
5,225,300 138,158 2.64 
5,500,000 139,822 2.54 
5,808,800 141,711 2.44 
5,907,300 142,019 2.40 
6,180,884 148,527 2.40 
6,509,600 156,724 2.41 
6,641,903 157,379 2.37 
6,741,501 157,730 2.34 
----, Data not available 
Source: SARH, Economia Agricola 
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III 
DATA SOURCES AND METHODOLOGY 
Data Sources 
Primary data were collected from producers of the traditional 
rejegueria, improved rejegueria and intensive tropical dairy systems. 
Some secondary data were obtained for the three examples of the 
intensive tropical dairy system. These data were made available from 
yearly financial and production reports prepared for the Nestle Co. by 
local employees. These reports included capital investments, short and 
long-term debts, inventories of cattle, accounts payable and receivable, 
labor expenses, expenses for feed, maintenance, energy and revenues 
generated from the sale of cattle and milk. 
Background materials at the Colegio Superior de Agricultura 
Tropical (CSAT) in Cardenas, Tabasco, provided some informative 
materials relating to tropical dairying. However, limited literature was 
available from CSAT or other sources relating specifically to milk 
production in the Humid Tropics of Mexico. Several branches of the 
Secretaria de Agricultura y Recursos Hidraulicos including the Direccion 
General de Extension Agr icola, the Direcc ion General de Economia 
Agricola and the Instituto Nacional de la Leche were visited to obtain 
secondary data on milk production in Mexico. 
Sampling Methodology 
The population revelant to this study is that of the individuals 
producing milk for sale in the Humid Tropics of Mexico. This population, 
although easily defined, is extremely difficult to identify and locate in the 
field since no complete list of these producers exists. The structure of 
the market is such that much of the milk produced undergoes no 
processing. It is sold to neighbors or transported to nearby urban areas to 
be sold as raw milk (Ieche bronca). To locate all such producers would be 
a formidable task requiring vast resources, therefore an alternative 
approach to producer identification was necessary. 
With the exception of one area, the individuals sampled for the 
traditional and improved rejegueria systems were producers selling milk 
to the Nestle Co. This company is essentially the only firm actively 
purchasing fluid milk throughout the Humid Tropics. The regional 
director estimates that Nestle purchases 70 percent of the milk produced 
in the area. The remainder is purchased by local cheese manufacturers or 
sold directly to consumers. While this estimate cannot be confirmed, a 
large percentage of producers do sell milk regularly to this company. The 
director made available company lists of producers and offered the 
assistance of local Nestle employees in locating individual dairymen. 
Nestle collects milk through a system of collection centers located 
in towns throughout the Humid Tropics. Refrigerated trucks make daily 
trips to these collection centers and return to the main condensation plant 
in Emiliano Zapata, Tabasco. These regional offices, in turn, have several 
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local routes by which they collect fresh milk daily from individual 
producers. Because of the extensive river system in the area, a large 
portion of the milk collection is done by boat. These river collection 
routes are more prevalent in some areas than others depending on the 
river access and the condition of local roads. By obtaining access to this 
collection system, it was possible to identify and locate individual 
producers. 
For the traditional rejegueria system, five production units were 
surveyed in each of five survey sites. These sites were selected to 
geographically represent as much area of the Humid Tropics as possible. 
The sites were: Tenosique, Emiliano Zapata, Macuspana, Teapa .and 
Heroica Cardenas (Map 2). The collection routes of these areas included 
much of eastern and central Tabasco and parts of northern Chiapas. Four 
of these sites were regional collection centers of Nestle. In each of these 
cases, the five producers surveyed were selected at random from the lists 
of producers supplied by Nestle. The selection process was as follows: In 
each site, five producers were selected at random. Then, five more were 
selected and retained in consecutive order. If a producer in the original 
five refused to be interviewed, the sixth was then included. In the case of 
additional refusals, the seventh and eighth, etc., were included until five 
surveys were completed. 
The final area, Heroica Cardenas, does not have a Nestle collection 
center. Al though there are many producers throughout the area, no list of 
them exists. The milk produced in the area is marketed through informal 
channels to residents in Huimanguillo, Cardenas and other smaller 
population centers in the area. For this reason, it was not possible to 
identify a large number of producers in the area. Therefore, a subjective 
sample was taken of five producers. An attempt was made to survey a 
cross-section of producers (i.e., not all large or small producers). 
The sample sizes for the improved rejegueria and intensive tropical 
dairy systems were relatively small with three units each surveyed. This 
occurred because, although the characteristics of the producers included 
in each system were quite distinct, few such producers existed in the 
Humid Tropics. At each survey site, attempts were made to identify 
other similar producers, but only three examples were located. The three 
identified as improved were in various parts of the area. One near 
Tenosique, another outside of Teapa and the last on E jido C-~l * in the 
Plan Chontalpa. 
Three examples of the intensive tropical dairy system were 
surveyed. All were located in the Plan Chontalpa near Cardenas. These 
three dairies were located on ejidos C-I~, C-21 and C-22. Again, these 
dairies represent all known examples of the system in the Humid Tropics. 
The inclusion of 'intensive' in the title of this system is somewhat of 
a misnomer. These dairies are pasture based, not confinement operations 
and could hardly be considered intensive in temperate areas. However, 
*The Plan Chontalpa is divided into ejidal units with each being identified 
by a number preceded by 'e' indicating Chontalpa. 
MAP2 00 
THE STUDY AREA 
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1. Tenosique 4. Teapa 
2. Emiliano Zapata 5. Heroica Cardenas 
3. Macuspana 
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relative to the other systems in the Humid Tropics, the system utilizes 
the factors of production in an intensive manner; hence, the logic of the 
name. 
Undoubtedly, the sample population was biased by surveying 
primarily Nestle producers. But, notably, the number of cows milked by 
traditional producers selling to Nestle varied from 8 to 140 with an 
average of 46. This would indicate that Nestle buys from a broad range of 
producers which adds validity to the sample population. In discussions 
with the director of Nestle in EmiIiano Zapata, it was disclosed that they 
purchase milk from even the smallest producers. The mean of 46 cows 
per producer from a range of 8 to 140 would indicate a relatively large 
number of small producers. Though it cannot be verified that producers 
selling milk to cheese processors and directly to consumers are similar in 
size and distribution to the sample population, it is believed that they do 
not vary significantly. 
Data were collected via a comprehensive survey instrument which 
emphasized the economic aspects of production, as well as, production 
techniques. It was composed of 53 questions divided into nine sections: 
Identification; Land; Feed and Pastures; Livestock Technology; Purchase 
and Sale of Livestock; Installations and Equipment; Labor; Credit; and 
Rejegueria. 
Cost and Income Variables and Cost Equations 
The costs of production for each system were calculated using 22 
variables. These were divided into capital opportunity costs, fixed costs, 
variable costs and cash costs. The components of these cost categories 
are: 
Capital Opportunity Costs: 
Xl Land value 
X2 Livestock value (Herd value + Value of Horses) 
X3 Fences 
X4 Buildings 
X5 Equipment 
Capital Opportunity Costs = (Xl + X2 + X3 + X4 + X5).03 
Fixed Costs: 
X6 Hired Labor* 
X7 Depreciation (X3 + X4 + X5 + Value of Horses) /12** 
*Labor is traditionally considered to be a variable cost. However, on 
these dairies, the number of hired workers and their salaries do not 
fluctuate with the number of cows being milked. These laborers are paid 
a fixed salary regardless of variation in milk production, hence, the fixed 
cost classification. 
* * Average expected useful Iif e of capital, in years 
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Fixed Costs continued: 
X8 Fence Maintenance 
X9 Building Maintenance 
XIO Equipment Maintenance 
Fixed Costs = X6 + X7 + X8 + X9 + XIO 
Variable Costs: 
Xll Sale costs for cattle 
XI2 Land rent 
XI3 Cow supplement 
XI4 Calf supplement 
XI5 Salt and minerals 
XI6 Medical (Vaccinations + General Medical + Tick Baths + 
Internal Parasites) 
XI7 Fertilizer 
XI8 Sale costs for milk 
XI9 Artificial insemination 
X20 Miscellaneous expenses 
X2I Death loss 
Variable Costs = Xll + XI2 + XI3 + XI4 + XI5 + XI6 + 
XI7 + XI8 + XI9 + X20 + X2I 
Total Cost = Capital Opportunity Costs + Fixed Costs + Variable 
Costs 
Cash Costs: 
Cash costs*, as presented, represent out of pocket expenses 
incurred by the producer which must be paid on a yearly basis. 
X22 = Interest 
Cash Costs = X6 + X8 + X9 + XI0 + Xll + XI2 + XI3 + XI4 +XI5 
+ XI6 + XI7 + XI8 + XI9 + X20 + X2I + X22 
Income: 
Income generated from the production units was from two 
sources, the sale of milk and the sale of livestock. The livestock 
figure includes the sale of calves, steers and heifers, and animals 
culled from the herd. 
Income Variables: 
YI Value of milk production 
Y2 Sale of livestock 
Income = YI + Y2 
*The conceptual basis for cash costs is discussed in Section IV. 
21 
Statistical Analysis of Systems and Variables 
Statistical comparison of mean values of important variables (i.e., 
capital invested, number of cows, number of hectares, total cost, and 
total revenue) in the traditional and improved rejegueria systems 
indicated that they were significantly different. This lends support to the 
assertion that the two groups represent two distinct production systems. 
Chi-·square goodness of fit tests performed on the same variables in 
the traditional system indicate that all variables except the average 
number of hectares per production unit were normally distributed. For 
this reason the means were accepted as being representative of variables 
used in the study. 
Very small sample sizes were evident in the improved rejegueria and 
intensive tropical dairy systems. It is believed that the production units 
surveyed include all such operations in the Humid Tropics of Mexico. In 
this case, the sample mean is the population mean, therefore, the mean 
serves as a good representation of the variables used in calculations for 
these two systems. 
The mean values and standard deviations for variables utilized in the 
study are given in Table 3.1. Although the mean values calculated for the 
sample are unbiased estimates of the population means for these 
variables, the large variability reduces probability that the sample mean 
is in fact similar to the population mean. Several variables in the 
traditional system (i.e., fixed costs, cash costs, value of livestock sold, 
average year return, savings) are suspect in this sense. 
At an accepted probability level, such as 95 percent, confidence 
intervals for the population mean of the variables would be quite large. 
This is even more pronounced in the sub-groups of the traditional system. 
The small sample size and large variability should be taken into account 
when interpreting the results of the analysis of the dichotomy within the 
traditional system and the traditional system itself. 
TABLE 3.1 
ECONOMIC VARIABLES 
AVERAGE VALUE PER PRODUCTION SYSTEM 
(Standard Deviations in Parentheses) 
Dual-Purpose Beef and Traditional 
Variable Only Dual-Puq~ose Rejegueria 
Land Value 2,350,167 1,175,909 1,788,565 
(1,776,370) (1,904,223) (1,893,585) 
Livestock Value 1,624,875 1,028,091 1,339,457 
(1,155,051) (645,285) (974,295) 
Fences 369,884 165,582 272,165 
(417,600) (134,670) (326,082) 
Constructions 381,423 19,980 208,559 
(835,616) (21,144) (619,201) 
Equipment 112,442 6,027 61,584 
(204,440) (6,284) (154,499) 
Capital Invested 4,896,040 2,451,114 3,726,728 
(3,081,781) (2,214,332) (2,921,786) 
Capital Opportunity Costs 146,881 73,533 111,802 
(92,453) (66,430) (87,654) 
Hired Labor 81,783 19,282 51,891 
Improved 
Rejegueria 
4,931,667 
(2,157,153) 
3,254,000 
(1,390,808) 
171,953 
(51,674) 
1,178,333 
(851,092) 
654,000 
(472,545) 
10,235,286 
0,850,970) 
307,059 
(55,529) 
294,267 
Intensive 
Tro12ical Dairy 
5,000,000 
(0) 
5,853,817 
0,173,038) 
0 
(0) 
1,683,053 
(167,015) 
91,728 
(18,850) 
12,967,929 
(1,354,917) 
389,038 
(40,648) 
406,797 
N 
N 
Dual-Purpose Beef and 
Variable Only Dual-Puq~ose 
(78,310) (37,915) 
Depreciation 76,750 20,593 
(104,458) (13,978) 
Fence Maintenance 0 0 
(0) (0) 
Building Maintenance 25,833 0 
(86,388) (0) 
Equipment Maintenance 8,809 0 
(24,821) (0) 
Fixed Costs 191,176 39,875 
(223,472) (41,747) 
Sale Costs of Cattle 563 1,050 
(1,949) (2,711) 
Land Rent 0 0 
(0) (0) 
Cow Supplement 7,459 10,844 
T radi tional 
Rejegueria 
(68,839) 
49,892 
(79,795) 
0 
(0) 
13,478 
(62,494) 
4,596 
(18,118) 
119,858 
(178,586) 
796 
(2,302) 
0 
(0) 
9,078 
Improved 
Rejegueria 
(259,026) 
170,802 
(77,225) 
38,792 
(67,190) 
46,855 
(81,155) 
2,525 
(4,373) 
553,241 
(434,332) 
0 
(0) 
30 
(-)* 
67,910 
Intensive 
Tro~ical Dairy 
(74,115) 
176,176 
(21,131) 
0 
(0) 
309,829 
(112,632) 
91,728 
(18,850) 
984,530 
(92,781) 
21,591 
(2,996) 
0 
(0) 
358,325 
N 
I.>J 
Dual-Purpose Beef and Traditional Improved Intensive 
Variable Only Dual-Puq~ose Rejegueria Rejegueria Tro~ical Dairy 
(14,499) (27,358) (21,173) (59,271) (199,661) 
tv 
oj::" 
Calf Supplement 1,000 46 544 65,944 0 
(3,464) (153) (2,500) (50,711) (0) 
Salt and Minerals 4,931 10,371 7,533 32,470 0 
(4,318) (15,927) (11,504) (22,773) (0) 
Medical 23,886 15,343 19,800 68,479 149,337 
(20,146) (14,969) (17,995) (55,080) (72,508) 
Fertilizer 0 2,318 1,109 67,827 198,998 
(0) (7,689) (5,317) (84,407) (29,523) 
Sale Costs on Milk 0 0 0 0 0 
(0) (0) (0) (0) (0) 
Artificial Insemination 0 0 0 0 0 
(0) (0) (0) (0) (0) 
Miscellaneous Expenses 0 0 0 16,733 107,360 
(0) (0) (0) (28,982) (5,928) 
Death Loss 73,179 50,091 62,137 149,833 60,399 
(90,356) (56,712) (75,386) (89,315) (31,774) 
Variable 111,018 90,063 100,996 481,196 936,471 
Costs (98, I 02) (67,764) (83,749) (222,887) 063,846) 
Total 451,075 203,471 332,665 1,341,495 2,310,039 
Costs (346, 11 0) (136,807) (290,511) (708,198) (279,150) 
Dual-Purpose Beef and 
Variable Onlx: Dual-Puq~ose 
Cash 174,061 62,670 
Costs (163,325) (65,827) 
Value of Milk Production 279,893 148,392 
(267,245) (98,352) 
Sale of Livestock 176,396 124,545 
(194,852) (70,537) 
Income 456,289 272,937 
(387,352) (138,572) 
Average Yearly Return 5,214 69,466 
(426,325) (100,364) 
Savings 707,465 339,624 
(964,299) (266,840) 
Return Plus Savings 712,678 409,091 
(984,529) (323,463) 
* 1 observation. 
Traditional 
Rejegueria 
120,787 
(136,176) 
217,001 
(211,230) 
151,598 
(148,144) 
368,599 
(304,169) 
35,943 
(310,6%) 
531,541 
(555,597) 
567,484 
(745,822) 
Improved 
Rejegueria 
713,801 
(536,720) 
1,466,170 
(410,390) 
629,333 
(443,166) 
2,095,504 
(840,829) 
754,009 
(493,407) 
1,467,936 
(298,203) 
2,221,945 
(727,836) 
Intensive 
Troeical Dairy 
1,832,1170 
(226,209) 
4,107,102 
(968,363) 
627,845 
(114,435) 
4,734,947 
(925,529) 
2,424,908 
(773,750) 
3,262,039 
(706,774) 
5,686,948 
(1,445,105) 
N 
\J1 
IV 
CONCEPTUAL ISSUES 
The analysis of the data collected was complicated by the lack of 
homogeneity across the systems. The comparison being made is not one 
of three milk production systems, but rather one of a specialized milk 
production system, a dual-purpose (milk and beef) system, and a system 
composed of both beef and dual-purpose enterprises. It is difficult, at 
best, to avoid the logical pitfall of comparing "apples and oranges" when 
analyzing these three systems. In addition, the two dual-purpose systems 
do not lend themselves to analysis using conventional farm record keeping 
practices. 
With these conventional methods, costs and returns are normally 
calculated for each enterprise of a diversified farming operation. The 
various fixed and variable costs for each enterprise are tabulated with 
careful accounting of any transfers of goods from one to another. Capital 
invested is charged to each enterprise in proportion to use. The residual 
remaining after the deduction of costs in each enterprise is the return to 
family labor and management. Family labor can be valued and deducted 
leaving return to management, which is the rightful return to a risk taking 
entrepreneur. All of these calculations and manipulations of costs and 
returns rest on the assumption that capital invested and costs incurred in 
each enterprise can be identified and separated without resorting to 
arbitrary judgements about these divisions. This is possible in most 
agricultural systems because of fundamental divisions between the 
enterprises. Because of these fundamental differences, few problems 
exist in identifying which enterprise utilized the various capital 
investments and variable inputs. 
This, however, is not true in the case of dual-purpose systems. 
Several conceptual problems develop which frustrate attempts to identify 
costs for the individual beef and milk enterprises: 
The Problem of Division of Costs in Traditional and Improved Rejegueria 
Systems 
Initially, to facilitate the comparison of dissimilar systems, it would 
seem advantageous to calculate costs and returns to the beef and milk 
enterprises separately. The performance of the milk enterprise in each 
system could then be compared without the confusion caused by the 
presence of the beef enterprise. This would necessitate the separation of 
costs associated with the two enterprises. The difficulties in doing this 
when the beef and milk herds are an identity, such as in improved 
rejegueria, are many. 
In this study, a dual-purpose cow was considered to be any cow that 
had been milked at some time and that the producer intended to milk 
again. The selection process that a herd undergoes when a traditional 
producer decides to begin or resume milk production is a logical one but 
does not necessarily lead to a clear and lasting distinction between the 
dual-purpose and beef herds. It is expected that the producer would use 
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one of two approaches in selecting dual-purpose cows from a herd which is 
essentially beef oriented: Either he would begin milking all cows, then 
cull those which did not produce enough milk to support a calf and supply 
an excess for sale; or select the cows he suspects to be the best producers 
to begin milking immediately and test other cows he considers to be 
marginal, later adding productive ones to the dual-purpose herd. This 
leads to the first fundamental problem in the division of costs. It would 
seem that the cows considered part of the dual-purpose herd could vary 
over time, depending on economic conditions and the cash flow situation 
of individual producers. Almost any beef cow would give at least a small 
amount of milk in excess of what is necessary to maintain the calf. In 
fact, some producers milk cows which produce as little as one liter of 
excess milk per day. If there is no clear distinction as to which cows are 
dual-purpose and which are strictly beef, it would seem difficult to 
separate the beef and the dual-purpose enterprises to allow a direct 
comparison of the dual-purpose herds of traditional and improved 
re jeguer ia. 
Carrying this one step further, if it were possible to clearly separate 
beef from dual-purpose cows in the traditional system there would still 
remain the necessity of separating the costs incurred in the beef portion 
of both dual-purpose systems from those associated with milk production. 
This is necessary to allow a comparison of milk production efficiency with 
the specialized milk production system, intensive tropical dairy system. 
Revenues genera ted can be identified for each enterprise, but the costs 
incurred are not readily recognizable. Which portion of capital invested 
in land should be charged to the beef enterprise and which to milk? How 
much of the cost of vaccination and parasite control should be charged to 
each? How does one measure and value the milk consumed by the calf 
(beef enterprise) before weaning? This milk is a product received by the 
beef enterprise which should be treated as a cost (much as corn raised on 
a farm and used to fatten cattle is treated as an expense of the feedlot 
enterprise). Also, increased calf mortality and lower growth rate found in 
the calves of dual-purpose cattle are a legitimate expense of the beef 
enterprise, but no monetary value can accurately be assigned to these 
costs. Which calves would have died regardless of the stress they are 
subjected to by reduced milk consumption? 
Because of these conceptual problems, it is of limited value to 
attempt to evaluate the revenue given up by the beef enterprise in order 
to produce milk on a cost-benefit basis. Any assumptions made allowing 
the separation of costs and returns to these two enterprises would be 
arbitrary and limit the value of the analysis. Little insight would be 
gained by measuring solely the milk producing performance of the 
systems. Conclusions drawn would be subject to criticism because of the 
arbitrariness of the original assumptions made which allowed the division 
of costs. 
Because of these conceptual difficulties with the division of costs in 
dual-purpose systems, an alternate approach, which circumvents them, is 
desirable. These dual-purpose systems are such that neither enterprise, 
beef or milk, exists separately. Thus, it is reasonable to compare each 
system as an entity. This means calcula ting costs and returns to a system 
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rather than to individual enterprises. Although the approach does not 
resolve all conceptual problems associated with comparing dissimilar 
systems it allows one to avoid t~e arbi~rariness. which plagues the division 
of cost analysis. This approach IS consIstent WIth the Intent of the study: 
The identification of a economically efficient milk production system 
with potential to increase milk production in the Humid Tropics of 
Mexico. 
SYSTEMS APPROACH 
To evaluate the variation in costs and returns to the systems being 
analyzed, it is important to identify performance measures which provide 
a basis for evaluation of the potential of each system. The possibilities 
are numerous, but differences in the structure of the individual systems 
tend to cause certain measures to be valid in the analysis of one system 
and biased, or nonsensical, when used in comparisons to others. A voiding 
all such performance measures is an option, but effectively limits the 
scope of possible analysis and could lead to the exclusion of useful 
information. Several measures which are not entirely consistent when 
applied to all systems will be used in the analysis. In an attempt to avoid 
misconceptions about the comparisons actually being made, each 
performance measure used will be critiqued noting any assumptions made, 
biases across systems, and general conceptual weaknesses and strengths. 
It is believed that each of the measures used is important to the 
understanding of the systems analyzed. The inconsistencies between 
systems do not allow perfect comparisons, but do allow very useful ones. 
PERFORMANCE MEASURES 
Return to Capital, Family Labor, and Management 
A useful measure of the profit producing potential of each system is 
the return to capital, family labor and management. This is the residual 
remaining after deducting fixed and variable costs (but not opportunity 
costs of capital) from income generated during the year. Capital is 
considered to be all fixed assets and livestock, both borrowed and owned, 
utilized in each system. The ratio of these gives an indication of the 
potential return per unit of capital invested that can be expected in each 
system. A further clarification of this measure is necessary to better 
understand the actual comparison being made. 
The fixed and variable costs are calculated in the form presented in 
Section III. Opportunity costs of capital invested are not included because 
these costs represent a portion of the revenue being generated by capital. 
No distinction is made between borrowed and owned capital. Interest paid 
on borrowed capital is not deducted as a variable cost. Deducting interest 
paid on borrowed capital would leave the return to owned capital which is 
of little use in the assessing the performance of the systems. 
Dealing with family labor is a conceptual problem in this 
performance measure. In the traditional and improved rejegueria systems 
almost all production units use family labor as one of the key factors of 
production. This is not the case with the intensive tropical dairy system. 
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Because of the cooperative structure of the Plan Chontalpa, all labor used 
on the dairies is hired. Workers at each dairy receive monthly wages. 
There is no equivalent to the family labor found in the other two systems. 
Therefore, all labor expenses are charged off as fixed costs in the 
intensive system. The residual in this case would be simply return to 
capital. One other interesting point can be made here. The technical 
assistance (management) to the three dairies supplied by Nestle is not 
considered as a cost of production. But, no doubt, much of the return to 
these diaries is a result of this external management factor. Though the 
amount is unknown, the value of this management would be reflected in 
the revenue generated by each operation. Therefore, it can be asserted 
that this ratio for the intensive tropical dairy system actually represents 
the return to capital and management supplied by the Nestle company. 
There seems to be no solution to this one inconsistency. Although 
the dual-purpose systems could be adjusted by assigning a value to family 
labor and deducting it from revenue generated, this would be somewhat 
arbitrary and no such value can be derived for such an elusive variable as 
family management 
Despite these problems, it is believed that this performance 
measure is a relevant one. It gives an indication of potential returns to 
investment in each system. It is consistent for traditional and improved 
rejegueria, and the calculations for intensive tropical dairy are not so 
dissimilar so as to frustrate compar isons. 
Costs and Returns of Production Per Liter of Milk Marketed 
This performance measure seems especially appropriate for 
comparing milk production systems. An indication of the milk production 
efficiency of each system is valuable in assessing their potential for 
increasing milk production. Cost calculations used for these performance 
measures are presented in Section III. Opportunity costs are included at a 
real rate of 3 percent (to be discussed later in this section). The reader is 
reminded that in traditional re jeguer ia costs are for the total production 
unit, not solely dual-purpose cattle. 
Some inconsistencies are evident in the conceptual basis of this 
measure. Due to the nature of dual-purpose systems, the amount of milk 
produced by the cows being milked is not equivalent to that being 
marketed as fluid milk. A large portion of the production is marketed 
indirectly through the calf (beef enterprise) that the cow must also 
sustain. The milk which the calf consumes until weaning is a product the 
beef enterprise receives from the milk enterprise. Conventionally, the 
value of this milk would be treated as a cost to the beef enterprise and a 
revenue to the milk enterprise. However, because the calf consumes the 
milk directly (at each milking and while it runs free with the cow during 
part of the day, generally the afternoon) the amount of milk being 
transferred between enterprises cannot be measured and valued. Thus, 
the return per liter of fluid milk marketed, as calculated for the dual-
purpose systems, is overstated. 
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Also, in the traditional rejegueria system, many producers have both 
beef and dual-purpose cattle. The costs of maintaining these beef cattle 
are included since they are part of the system as it exists. But, these 
cattle produce no excess milk to market as fluid milk. A substantial 
portion of the revenue generated is from the sale of cattle; including 
steers, heifers, and culled animals. This revenue is included in the income 
used to calculate the return per liter. This is consistent with the 
approach of considering the system as an entity, not separate enterprises, 
in the final analysis. 
Because the intensive tropical dairy system specializes in milk 
production, no such problems are encountered. Calves sold are essentially 
a by-product and are nursed by surrogate mothers. Therefore, excluding 
this milk, all milk produced is marketed making the costs and returns per 
liter calculation a more pure figure. 
This performance measure becomes more biased as it moves from 
intensive tropical dairy to improved reiegueria to traditional rejegueria. 
However, the milk producing efficiency of each system is addressed in the 
most direct terms possible. Though bias exists across systems, in a more 
general sense, it does not greatly undermine the value of the measure for 
comparison purposes. As will be seen in Section V, the trend in return to 
liter marketed is evident and, if anything, is enhanced when one considers 
the biases in the calculations for the dual-purpose systems. 
Costs and Returns Per Cow and Per Head 
As a complement to the per liter analysis, a calculation of return 
per animal unit would be useful. However, these units are normally 
calculated on the basis of metabolic weight. The data collected do not 
specify the weights of individual animals or the average weight for groups 
of animals in the herd. This makes any conversion of the herd to animal 
units an approximation at best. Therefore, an analysis on a per cow, per 
head (meaning the total number of animals in the herd) basis could serve 
as a useful proxy. 
Biases are fewer in this performance measure since nO distinction 
need be made between beef, dual-purpose and dairy cows. The return per 
cow is believed to be a fair representation of the average returns from 
the sale of both beef and milk that one could expect on a per cow basis 
under each system. The per head analysis is an attempt to bring out the 
basic differences in herd structure across systems. No attempt is made to 
compare dual-purpose cows or cows being milked since, as was stated 
earlier, no basis exists for the division of costs for the herds of the dual-
purpose systems. 
Cash Outlay vs. Cash Generated 
Economists concerning themselves with production systems at or 
near the subsistence level have frequently recognized the importance of 
cash to these producers. As was noted in Section II, the main incentive 
for milk production (which essentially creates the traditional rejegueria 
system) is the desire for a regular cash income. A measure of the 
effectiveness of a system in producing cash income is the ratio of cash 
outlay to cash generated. Cash costs, as presented in Section II, represent 
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out of pocket expenses incurred by the producer which must be paid on a 
yearly basis. Cash generated is simply the value of livestock and milk 
sold. 
The comparative value of this measure is weakened by the variation 
in the structure of the three systems. The concept of cash outlay and 
cash generated is very relevant to traditional rejegueria but, in the 
intensive tropical dairy system which has ready access to credit, it is not 
as important. Cash flow problems do not often exist. However, when 
compar ing the outlays and returns for the three systems, the results are 
rather interesting. 
When cash generated by the sale of livestock and the sale of milk is 
examined some insights are available concerning the additional revenue 
that is generated when traditional producers begin milking. While this 
performance measure is somewhat useful in comparing the three systems, 
it is perhaps more useful for understanding the production incentives of 
traditional and, to some extent, improved rejegueria producers. 
OPPORTUNITY COSTS OF CAPITAL INVESTED 
In conventional farm record keeping practices a reasonable return to 
capital invested is normal and expected. This opportunity cost of capital 
represents the potential income earning capability of this capital if it 
were saved or invested rather than being utilized in the livestock 
operation. The rate charged for opportunity costs of capital fluctuates 
according to the prevailing interest rates in the market. During the field 
research period in Mexico, the maximum interest rate authorized by the 
Banco de Mexico for deposits of Mexican currency was slightly over 25 
percent (for fixed term deposits of 90 to 180 days). This relatively high 
rate of return is put more in perspective when one considers the inflation 
rate of 30 percent the country was currently experiencing) 
When opportunity costs of capital are charged off at the rate of 25% 
against revenue generated along with the usual fixed and varible costs, a 
large net loss is assured in each system (Table 4-.1). At the 25 percent 
rate, the percentage of total costs represented by opportunity costs are 
81, 71 and 63, respectively, for the traditional rejegueria , improved 
rejegueria and the intensive tropical dairy. 
The implicit assumption of the 25 percent rate of return is that the 
value of the assets is constant over time. This is generally not the case. 
Land, improvements and cattle the producer owns appreciate in monetary 
value because of the effects of inflation. Therefore, the real opportunity 
costs of cap ital represented by the difference between the rate of 
interest and appreciation rate of assets would be a more accurate 
measure of the opportunity costs of capital. Economists have 
traditionally identified this real ra te to be 3 percent. 
Applying this percent real rate to capital invested lowers capital 
opportunity costs significantly. The average return calculated for each 
system shows them to be generating a positive return as would seem 
reasonable for a viable production system. This measure of the 
opportunity costs of capital is used in the cost calculations in Section V. 
TABLE 4.1 
CAPIT AL OPPORTUNITY COSTS BY SYSTEM 
25 AND 3 PERCENT RATES 
AVERAGE CAPITAL 
RATE OF CAPITAL OPPOR TUNITY 
SYSTEM RETURN INVESTED COSTS 
TRADITIONAL 25% 3,726,727 931,682 
REJEGUERIA 3% 111,802 
TECHNIFIED 25% 10,235,280 2,558,822 
REJEGUERIA 3% 307,059 
INTENSIVE 25% 12,967,929 3,241,982 
TROPICAL 
DAIRY 3% 389,038 
AVERAGE 
TOTAL 
COSTS 
1,152,536 
332,655 
3,593,258 
1,341,495 
5,162,983 
2,310,039 
AVERAGE 
RETURN 
-783,937 
35,943 
-1,497,754 
754,009 
-428,036 
2,424,908 
w 
N 
v 
ANALYSIS 
The first section of the analysis deals exclusively with the 
traditional rejegueria system. The remaining sections provide a 
comparison' of the three production systems utilizing the performance 
measures critiqued in Section IV. 
TRADITIONAL REJEGUERIA: Production units with exclusively dual-
purpose cattle vs. those with beef and dual-purpose cattle 
Traditional rejegueria is the dominant milk production system in the 
Humid Tropics of Mexico. The improved rejegueria and intensive tropical 
dairy systems each are represented by only three production units. 
Therefore, one can assume that any increase in milk production would 
necessarily include the efforts of a significant number of producers now 
using this system (either by increasing the productivity of these producers 
within the framework of the traditional system or through the adoption of 
a more productive system by a significant number of these producers). A 
thorough understanding of the production units which constitute this 
system is fundamental to addressing the problem of milk production in the 
Humid Tropics of Mexico. 
When the 23 traditional rejegueria production units are examined, a 
dichotomy is apparent. The herds of 11 of these producers contained only 
dual-purpose cattle, while the remaining 12 had varying numbers of beef 
and dual-purpose cows. This dichotomy lends itself to comparison. It 
would seem reasonable to expect that the producers who milk all of their 
cows (they also produce a calf) would enjoy greater returns than those 
who have some cows which produce only a calf. A testable hypothesis 
would be: Production units specializing in dual-purpose cows yield greater 
returns than those with both beef and dual-purpose cows. Data for the 
two sub-groups of the traditional rejegueria system are presented in Table 
5.1. 
The average number of cows in each of these groups is quite similar; 
56.25 for producers with only dual-purpose cows and 61.54 for those with 
both beef and dual-purpose cows. In the groups with both beef and dual-
purpose cows, their numbers average 25.0 and 36.54, respectively. 
As would be expected, the average yearly milk production is higher 
for the producers milking all cows (Table 5.l). The value of milk produced 
differs proportionally. The revenue genera ted from the sale of livestock 
is also higher for the producers specializing in dual-purpose cows. This 
would seem surprising since cows not being milked should produce more 
and better calves which would generate higher revenues from the sale of 
livestock. Average total revenue generated is 456,289 pesos for producers 
specializing in dual-purpose cows, as opposed to 272,937 pesos for those 
with both beef and dual-purpose cows. 
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TABLE 5.1 
MEAN VALUES OF ECONOMIC VARIABLES FOR SUBDIVISIONS 
OF THE TRADITIONAL REJEGUERIA SYSTEM 
BEEF AND DAIRY COWPRODUCERS VS. DUAL-PURPOSE PRODUCERS 
(Standard Deviations in Parentheses) 
Total Number of 
Production Units 
Average 
Land (Hectares) 
Dual-Purpose Cows 
Beef Cows 
Total Cows 
Yearly Milk 
Production (Liters) 
Value of Milk 
Production (Pesos) 
Revenue From 
Sale of Livestock 
Total Revenue 
Capital 
Capital 
Opportunity Costs (.03) 
Fixed Costs 
Variable Cost 
Total Cost 
Dual-Purpose Only 
11 
86.83 
(66.29) 
56.25 
(32.08) 
56.25 
(32.08) 
32,052.5 
(24,654.7) 
279,892.83 
(267,245.08)* 
176,395.83 
(194,852.49)* 
456,288.67 
(387,352.03) 
4,896,040.41 
(3,081,781. 02) 
146,881. 21 
(92,453.43) 
193,175.89 
(223,472.38)* 
111,071.66 
(98,102.49) 
451,074.77 
(346,109.93) 
Beef and 
Dual-Purpose 
12 
46.72 
(31.67) 
36.54 
(38.02) 
25.00 
(22.08) 
61.54 
(45.05) 
19,125.0 
(12,413.4) 
148,391.5 
(98,352.04) 
124,545.45 
(70,537.03) 
272,937.0 
(138,571. 99 ) 
2,451,114.0 
(2,214,332.2) 
73,533.42 
(66,429.96) 
39,874.65 
(13,977 .86) 
90,062.54 
(67,764.31) 
203,470.61 
(136,807.01) 
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Dual-Puq~ose Only Beef and 
Dual-Puq~ose 
Average Yearly Return 5,213.89 69,466.38 
(426,325.05)* (100,364.48)* 
Steers 22 6 
Heifers 26 12 
Calves 32 30 
Savings 707,464.55 339,624.33 
(694,298.99)* (266,840.40) 
Return and Savings 712,678.44 409,090.71 
(984,528.93)* (323,463.41) 
*Standard deviation is large. Refer to Statistical Analysis of Systems and 
Variables. 
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Capital invested is almost double for specialized dual-purpose 
producers (Table 5.!). Much of this investment differential is explained 
by the larger average land holdings of these producers. Initially, it does 
not seem apparent why these specialized producers would require almost 
twice as much land as producers with beef and dual-purpose cows. The 
number of cows is essentially the same in each group. 
Because of the higher capital outlay, opportunity costs for the 
specialized producers are significantly higher. Furthermore, fixed and 
variable costs are also considerably higher. Average total costs 
calculated are 451,075 pesos for specialized producers and 203,471 pesos 
for producers with both beef and dual-purpose cows. Given the costs and 
revenues genera ted by each group, the average yearly returns for the 
specialized dual purpose producers and the producers with both beef and 
dual-purpose cows are 5,214 pesos* and 69,466 pesos, respectively. This 
would seem to lead to the rejection of the stated hypothesis and the 
acceptance of the conclusion that the production units with beef and dual-
purpose cows are the most profitable. However, several unexplained 
variations between the groups (e.g., larger land holdings, capital 
investment and fixed costs found in the specialized group) lead one to 
suspect that additional considerations are in order. 
An evaluation of the average herd held by the producers of each 
system seems to provide an explanation. The average number of steers, 
heifers and calves present for the specialized producers are 22, 26 and 32, 
respectively, whereas producers with beef and dual-purpose cows have an 
average of 6 steers, 12 heifers and 30 calves. These cattle, which can be 
sold at almost any time, represent a relatively liquid asset which should 
in some way be considered when comparing the returns to the two groups. 
For small producers who frequently experience cash flow problems, these 
steers, heifers and calves represent a type of savings. In the case of 
periodic or unforseen expenses, some of these animals can be sold to raise 
cash. A calculation of savings would be: 
Savings = Value of Steers + (Value of Heifers - Value of 
Replacement Heifers**) + Value of Calves + Opportunity Costs of 
Capital 
Opportunity costs of capital are included as a return generated from 
capital invested which is a return to savings. 
*Standard deviation is large. Refer to statistical analysis of systems and 
variables. 
**Replacement heifers are a necessary factor in the maintenance of the 
herd and, therefore, are not an asset which can be readily sold without 
decreasing herd size. This factor is calculated as 6 times the average 
value of all heifers. Six heifers are identified to be the average number 
of replacements required to maintain the herd at present levels. This 
assumes an average productive life of 10 years per cow for the 60-cow 
herds found in both groups of this system. 
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By this procedure, average savings of 707,'+65 pesos* are realized 
for producers which have exclusively dual-purpose cows and 339,62'+ pesos 
for producers with both beef and dual-purpose cows. A more appropriate 
expression of the profitability of these groups would then be the average 
return generated plus the average savings (Table 5.1). The totals of 
712,678 pesos* and '+09,09 I pesos, repectively, for specialized dual-
purpose producers would lead to the acceptance of the hypothesis that 
specialized dual-purpose producers experience higher returns than 
producers with both beef and dual-purpose cows. This does not, however, 
explain why the additional steers and heifers (the number of calves are 
equal in both systems) are present in the specialized dual-purpose group. 
One possible explanation is that the additional revenue the 
specialized producers receive from higher milk production allows them to 
retain more calves for fattening and later sale, rather than selling them 
at a smaller profit soon after weaning. Fewer cash flow problems allow 
these producers to hold calves the two to three years necessary to grass 
fatten them. 
Recall that one of the basic economic problems of producers in the 
traditional system is the lack of a regular cash income. Calves are 
frequently sold before reaching market weight in order to pay expenses. 
If a producer begins milking some of his cows, the regular income 
generated will alleviate part of this problem. If the producer's herd is 
such that all cows can be milked, it appears a significant increase in 
regular income could be expected from the sale of milk (Table 5.1, Value 
of Milk Production). This would reduce the number of animals the 
producer must sell to meet normal and unforseen expenses, allowing him 
to increase total profi ts in the long-run by feeding out a larger portion of 
his calves. This would seem to be consistent with the case of the 
specialized dual-purpose producers. 
COMPARATIVE ANALYSIS OF THE TRADITIONAL REJEGUERIA, 
IMPROVED REJEGUERIA, AND INTENSIVE TROPICAL DAIRY SYSTEMS 
The four performance measures critiqued in Section IV are used here 
to compare analytically the three milk production systems. The reader 
should be cognizant of the strengths and weaknesses of each measure as 
set forth in the previous section. This permits a direct presentation of 
the data for the various performance measures in the following sections. 
Return to Capital, Family Labor, and Management 
Capital invested in the three milk production systems varies 
significantly. It is lowest in the traditional reoe ueria system which 
generally requires little or no additional investment above that needed 
for beef operations) to allow the production of milk. Little capital is 
invested in buildings, equipment or improved breeds of cows as is 
commonly found in the other systems. Average capital invested by 
traditional producers is aproximately 3.73 million pesos. The value of 
*Standard deviation is large. Refer to statistical analysis of systems and 
variables. 
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livestock and land comprises 3.18 million pesos, or 85 percent of the 
total. This reflects the lack of additional investment in improvements 
and equipment which typifies this system. 
Producers in the improved rejegueria system invest an average of 
10.24 million pesos in their operations. This is a substantial increase over 
the traditional system. Part of this increase is explained by the additional 
investment in land and livestock in this system. Traditional producers 
possess an average land holding of 67.65 hectares as compared to the 
129.7 hectare average for improved producers. The average investment in 
livestock increases from 1.4 million pesos in traditional rejegueria to 3.3 
million in improved rejegueria. The average values per cow are 15,835 
pesos and 20,399 pesos, respectively, for the traditional and improved 
systems. This difference can be attributed to the superior quality of the 
cows in the improved system. The average investment in buildings, 
equipment, and fences rises from 542,271 pesos in the traditional system 
to 2,004,286 in the improved system. 
Production units of the intensive tropical dairy system invested an 
average of 12.97 million pesos. Of this amount, 10.9 million pesos is 
invested in land and livestock and 2.1 million pesos in buildings, fences 
and equipment. Notably, though the improved system resembles the 
traditional system more structurally, the average investment is much 
closer to that of the intensive system (Table 5.2). 
The average cow in the intensive system has a value of 13,896 pesos. 
This is somewhat lower than the average per cow of 15,835 pesos in the 
improved system. Generally, cows in the intensive system are purebred 
Holstein and those in the improved system are predominately a cross of 
Zebu or Criollo and Brown Swiss (several purebred Holstein had recently 
been purchased by one improved producer). This discrepancy can be 
explained partially when examining the bookkeeping methods of the 
intensive tropical dairies. The dairy cows in this system are valued 
according to the number of calves each cow has had. Cows that have 
given birth to one calf are valued at 23,000 pesos, those with two calves 
19,000 pesos, cows with three calves 13,000 pesos, those with four calves 
9,000 pesos and those with 5 to 7 cows 7,000 pesos. Cows are normally 
culled after the seventh calf. The average value per cow given by 
improved producers involves no such depreciation, hence the higher 
average figure. * 
* The-average -value per cow for the improved rejegueria system was an 
estimate made by the producers at the time of the interview. No form of 
depreciation was applied directly. Realistically, the average value of the 
purebred Holstein cows in the intensive tropical dairy system is no doubt 
greater than that for the crossbreeds used in the improved rejegueria 
system. This discrepancy biases downward the average capital invested in 
the intensive system thereby reducing opportunity costs of capital. This 
resul ts in total costs being understated for the intensive system relative 
to the improved and traditional systems. 
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TABLE 5.2 
AVERAGE RETURN TO CAPITAL, F AMIL Y LABOR 
AND MANAGEMENT, BY SYSTEM 
(Standard Deviations in Parentheses) 
AVERAGE 
AVERAGE RETURN 
CAPITAL (PROFIT PLUS RETURN AS A 
SYSTEM INVESTED OPPORTUNITY COSTS) % OF CAPITAL 
TRADITIONAL 3,726,728 141, 7~~ 3.96 
REJEGUERIA (2,921,786) (296,~3~)* 
IMPROVED 10,235,286 1,061,067 10.37 
REJEGUERIA (1 ,850,970) (491,387) 
INTENSIVE 
TROPICAL 12,967,929 2 , 813,9~6 21.17 
DAIRY (l,35~,917) (810,091) 
IN PESOS 
*Standard deviation is large. Refer to Statistical Analysis of Systems and 
Variables. 
4-0 
The return to capital, family labor and management utilized in this 
performance measure is calculated by deducting fixed and variable costs 
from the revenue generated by the sale of milk and livestock. Clearly, 
opportunity costs, which are a return to capital invested, should not be 
charged off in this case. Fixed and variable costs are calculated using the 
formulas set forth in Section III. Interest paid on borrowed capital is not 
treated as an expense in this measure. This essentially treats the portion 
of capital invested which is borrowed as owned capital. Ignoring interest 
paid is consistent with the intention of comparing returns to capital 
without regard to the portion which is borrowed. For the interested 
reader, the average annual interest payments made by producers in the 
traditional, improved, and intensive systems are 11,962 pesos, zero pesos 
and 148,04-4 pesos, respectively. Including interest paid as an expense 
does not significantly alter the return to capital invested in the three 
systems. 
The average returns for the traditional rejegueria, improved 
rejegueria and intensive tropical dairy systems are 147,744 pesos*, 
1,061,067 pesos and 2,813,946 pesos, respectively. The average returns, 
as a percent of capital invested, are 3.96 percent, 10.37 percent and 21.17 
percent, respectively (Table 5.2). 
The return to the traditional system is low relative to the other 
systems. This is not surprising when considering that traditional 
producers frequently exist at or near the subsistence level. This was 
discussed earlier as a primary motivation for the production of milk. 
The improved rejegueria system, while structurally similar to the 
traditional rejegueria system, enjoys a substantially higher return per unit 
of capital invested. Increased productivity from more sophisticated 
management can be identifed as the primary reason for this higher return. 
Average investment in the intensive tropical dairy system, though 
only slightly higher than the improved system, generates an average 
return more than twice as large. The specialized nature of the system 
and the more refined management techniques, brought about largely by 
the technical assistance from Nestle, contribute significantly to this 
higher return. 
Return Per Liter of Milk Marketed 
The average number of liters of milk marketed each year per 
production unit in each system varies from a low of 25,870 liters in 
traditional rejegueria to 187,228 liters in improved rejegueria to 476,992 
liters in the intensive tropical dairy system. This represents a daily 
average production per milked cow of 3.27 liters, 7.28 liters and 11 liters, 
respectively, for the traditional, improved and intensive systems. 
*Standard deviation is large. Refer to statistical analysis of systems and 
variables. 
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Average total costs for the traditional system, 332,655 pesos, are 
relatively low in comparison to the totals of 1,341,495 pesos and 
2,310,039, respectively, for the improved and intensive production units. 
The corresponding totals for opportunity costs of capital, fixed costs and 
variable costs are given in Table 5.3. As stated in Section IV, opportunity 
costs of capital are calculated at the real rate of 3 percent. Moreover, 
fixed costs (Table 5.3) are quite low for the traditional system*. These 
fixed costs are predominantly depreciation and hired pesos, respectively, 
for the improved and intensive production units. The corresponding totals 
for opportunity costs of capital, fixed costs and variable costs are given in 
Table 5.3. As stated in Section IV, the labor which constitute 42 and 43 
percent of the totals, respectively. Because of the lack of substantial 
improvements (i.e., buildings and equipment), fewer costs are incurred for 
maintenance. 
The improved system incurs average fixed costs of 553,241 pesos per 
year. Approximately 53 percent of this total is the value of hired labor 
and 31 percent is depreciation. The remaining amount, 88,172 pesos, or 
16 percent of fixed costs, is spent maintaining fences, equipment and 
buildings. The large expense for hired labor (294,267 pesos) in the 
improved system is an indication of the large size of the average 
operation. 
The intensive tropical dairy system utilizes hired labor exclusively 
thereby incurring a high average cost of 406,797 pesos or 41 percent of 
fixed costs. Depreciation totals 176,176 pesos or 18 percent of fixed 
costs. Maintenance is a considerable expense in these operations, 
averaging 401,557 pesos per year for the three production units. These 
relatively high maintenance costs can be a ttr ibuted to the higher level of 
fixed capital found in the intensive system. 
Variable costs are slightly lower than, but proportionate to, fixed 
costs in the three systems (Table 5.3). The largest variable cost to 
traditional producers is the death loss, with an average value of 62,136 
pesos per year*. This is quite high relative to the average herd size in 
this system. Other major variable costs are supplement, salt and minerals 
with a total value of 17,153 pesos per year and medical expenses of 19,800 
pesos per year. 
Improved rejegueria operations experience an average death loss of 
149,833 pesos per year, spend an average of 166,324 pesos for supplement 
and minerals, and 68,479 pesos for medical expenses. These three 
expenses represent 80 percent of the variable costs of the improved 
producers. Intensive tropical dairy units have a relatively low average 
death loss of 60,399 pesos per year. Better management techniques and 
the larger average outlay (149,337 pesos) for medical expenses contribute 
significantly to this low figure. This represents an average medical 
expense per head of 739 pesos per year as compared to 222 pesos and 158 
pesos, respectively, for the improved and traditional producers. 
Supplement and mineral expenses average 358,625 pesos per year for the 
intensive system. 
*Standard deviation is large. Refer to statistical analysis of systems and 
variables. 
TABLE 5.3 
AVERAGE ANNUAL COSTS AND RETURNS PER SYSTEM 
(Standard Deviations in Parentheses) 
AVERAGE AVERAGE AVERAGE AVERAGE AVERAGE AVERAGE 
CAPITAL OPPORTUNITY*FIXED VARIABLE TOTAL TOTAL AVERAGE LITERS RETURN 
SYSTEM INVESTED COSTS COSTS COSTS COSTS REVENUE RETURN PRODUCED PER LITER 
TRADITIONAL 3,726,728 111,802 119,858 100,996 332,655 368,599 35,943 25,870 1.389 
REJEGUERIA (2,921,786 (87,654) (178,585) 83,749 (290,511) (304,169) (310,696) (20,434) (13.27) 
IMPROVED 10,235,286 307,059 553,241 481,196 1,341,495 2,095,504 754,009 187,228 4.027 
REJEGUERIA (1,850,970) (55,529) (434,332) (222,887) (708,198) (840,829) (493,407) (49,997) (2.58) 
INTENSIVE 
TROPICAL 12,967,929 389,083 984,530 936,471 2,310,039 4,734,947 2,424,908 476,992 5.083 
DAIRY (1,354,917) (40,648) (92,781) (163,846) (279,150) (925,529) (773,750) (96,658) (0.71) 
* REAL RATE (3%) 
.p 
N 
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Of the 368,599 pesos in total revenue generated in the traditional 
system, 217,001 (59 percent) originates from the sale of milk and 151,598 
pesos (ltI percent) from the sale of livestock. Improved operations 
receive an average total revenue of 1,466,170 pesos from milk sales and 
.629,333 pesos from the sale of livestock for a total of 2,095,504 pesos. 
Milk and beef revenue are 70 percent and 30 percent of total revenue, 
respectively. This high percentage of revenue from the sale of milk 
indicates the greater importance of milk production in this system. The 
intensive system, which specializes in the sale of milk, generates an 
average revenue of 4,107,102 pesos from the sale of milk and 627,845 
pesos from livestock sold. Here the value of milk sold constitutes 87 
percent of the 4,734,947 pesos in average total revenue generated per 
dairy. This illustrates the relatively minor role the sale of livestock has 
in the intensive system. 
The average returns (Total Revenue - Total Costs) per system are 
35,943 pesos, 754,009 pesos and 2,424,908 pesos, respectively, for the 
traditional, improved and intensive systems. When examined on the basis 
of liters of milk marketed, the traditional system receives a return of 
1.389 pesos per liter. Improved producers earn a return of 4.027 pesos per 
liter marketed and intensive dairies 5.083 pesos. The return for the 
traditional system is significantly lower than that for the improved and 
intensive systems. The return of the improved producers approaches that 
of the intensive system. 
Average Costs and Returns Per Cow and Per Head 
This analysis serves as a complement to, and a reinforcement of, the 
per liter analysis. All variables in Table 5.4 are given on both a per cow 
and per head basis to reveal any differences created by the variation in 
herd size and structure in the three systems. Again, per head, as defined 
here, is all animals (bulls, cows, steers, heifers and calves) present in the 
herd. 
Average investment per cow is remarkably similar in the three 
systems. The high capital investment of the intensive tropical dairy 
system is put more in perspective by this measure. While total 
investment is highest in the intensive system, the average investment per 
cow (65,107 pesos) is the lowest of the three systems. Traditional 
rejegueria, with its low average number of cows and small capital 
investment, is only slightly higher at 66,203 pesos per cow. While the 
total investment in the improved system is lower than that of the 
intensive system, on a per cow basis, investment is significantly higher 
(77 ,916 pesos). 
On a per head basis, the investment trend is similar. However, the 
investment per head in the intensive tropical dairy system, 25,675 pesos, 
is significantly below the other systems. This low investment per head 
reflects the larger number of other animals present in the intensive herds 
relative to the herds in the other systems. Though the production units 
commonly sell male calves within a year of birth, all female calves are 
retained for replacement purposes. The lower death loss also contributes 
to an increase in the total number of animals present in this system. The 
improved system has the highest investment with an average per head of 
34,148 pesos. 
TABLE 5.4 
AVERAGE ANNUAL COSTS AND RETURNS PER COW AND PER HEAD, BY SYSTEM 
(Standard Deviations in Parenthesis) 
AVERAGE AVERAGE 
CAPITAL TOTAL AVERAGE AVERAGE 
SYSTEM UNIT INVESTED COSTS REVENUE RETURN 
TRADITIONAL COW 66,203 6,288 6,1f80 191 
(43,898) (5,962) (3,092) (6,277) 
REJEGUERIA HEAD 31,369 2,965 2,999 34 
(19,286) (2,392) (I,015) (2, .575) 
IMPROVED COW 77,916 10,815 16,303 5,487 
(19,286) ( 8, 191f ) (10,647) (3,719) 
REJEGUARIA HEAD 31f,148 4,1f31 6,703 2,272 
(8,915) (2,114) (1,830) (1,275) 
INTENSIVE COW 65,107 11,652 23,472 11 ,820 
TROPICAL (6,665) (2,004) (259) (1,904 ) 
DAIRY HEAD 25,675 4,602 9,228 4,626 
(3,910) (1,069) (51f8) (605) 
.j:;o 
.j:;o 
AVERAGE 
NUMBER 
OF ANIMALS 
58.8 
(38.00) 
125.6 
(87.99) 
142 
(37,04 ) 
308.7 
(63.8) 
202 
(41.6) 
518.3 
(131.8) 
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Average total costs per cow range from a low of 6,288 pesos for the 
traditional system to 11,652 pesos for intensive tropical dairy. The 
average for the improved rejegueria is quite high (10,815 pesos), 
approaching that of the intensive system. When compared on a per head 
basis the difference in the average total cost between systems is not 
great, however, the systems retain their respective rankings (Table 5.4-). 
On a per cow and per head basis, the greatest variation between 
systems occurs in the average revenue generated. The intensive tropical 
dairy system, with the lowest average capital investment per cow and 
average total costs per cow only slightly higher than improved rejegueria, 
generates an average revenue per cow of 23,477 pesos. This represents a 
44 percent increase over the 16,303 pesos generated by the improved 
system. Revenue in the traditional system averages 6,480 pesos per cow 
which is significantly lower than the other systems. The average revenue 
generated on a per head basis, though naturally lower, does not vary 
proportionally from the per cow average. This indicates that the ratio of 
cows to other animals in the three systems are similar (1:2.1, 1:2.2 and 
1:2.6, respectively, for the traditional, improved and intensive systems). 
The average return per cow reveals a substantial difference in 
profitability between the systems. The traditional system generates a 
return per cow of only 191 pesos per year. In contrast, the improved 
system produces a return of 5,482 pesos per cow. The high productivity of 
the intensive system is quite evident here as it realizes an average return 
per cow of 11,820 pesos while incurring total costs per cow only slightly 
higher than the traditional system. This is approximately a 100 percent 
grea ter return than that of the improved system. 
Cash Outlay vs. Cash Generated 
Total cash outlay increases substantially across the three systems. 
A small average cash outlay, 120,787 pesos*, typifies the traditional 
system. This is consistent with the relative scarcity of cash common 
among producers in this system. Improved producers average 713,801 
pesos in cash outlay which is less than 50 percent of the 1,832,470 peso 
outlay in the intensive system. 
Cash generated by the three systems is the total value of milk 
produced and livestock sold. The intensive and improved systems 
generate almost identical incomes from the sale of livestock (627,845 
pesos and 629,333 pesos, respectively). The 151,598 peso income for the 
traditional system reflects the high average death loss, the smaller 
average herd size and the less sophisticated management techniques 
common in this system. As would be expected, the specialized intensive 
tropical dairy system realizes a significantly higher income from milk 
production, averaging 4,107,102 pesos per year. The improved and 
traditional systems average 1,466,170 pesos and 217,001 pesos, 
respectively. The sum of income generated from milk and beef gives a 
total cash generated of 368,599 pesos, 2,095,503 pesos and 4,734,947 
pesos, respectively, for the traditional, improved and intensive systems. 
*Standard deviation is large. Refer to statistical analysis of systems and 
variables. 
SYSTEM 
TRADITIONAL 
REJEGUERIA 
IMPROVED 
REJEGUERIA 
INTENSIVE 
TROPICAL 
TOTAL 
CASH 
OUTLAY 
120,787 
(136,176)* 
713,801 
(536,720) 
1,832,470 
(226,209) 
TABLE 5.5 
ANNUAL CASH OUT LA Y VS. CASH GENERA TED 
(Standard Deviations in Parentheses) 
VALUE OF 
MILK 
PRODUCTION 
217,001 
(211,230) * 
1,466,170 
(410,390) 
4,107,102 
(968,363) 
VALUE OF 
LIVESTOCK 
SOLD 
151,598 
(148,144)* 
629,333 
(443,166) 
627,845 
(114,435) 
TOTAL 
CASH 
GENERATED 
368,599 
(304,169) 
2,095,503 
(840,829) 
4,734,947 
(925,529) 
*Standard deviation is large. Refer to Statistical Analysis of Systems and Variables. 
RATIO 
OUTLAY TO 
GENERATED 
1:3.05 
1:2.94 
1:2.58 
+:-
0\ 
SYSTEM BASIS 
TRADITIONAL Per Cow 
REJEGUERIA Per Head 
IMPROVED Per Cow 
REJEGUERIA Per Head 
INTENSIVE 
TROPICAL Per Cow 
DAIRY Per Head 
TABLE 5.6 
ANNUAL CASH OUT LA Y VS. CASH GENERATED 
PER COW, PER HEAD 
TOTAL VALUE OF VALUE OF TOTAL 
CASH MILK LIVESTOCK CASH 
OUTLAY PRODUCTION SOLD GENERATED 
2,055 3,692 2,579 6,271 
962 1,728 1,207 2,935 
5,027 10,325 4,432 14,752 
2,313 4,750 2,038 6,788 
9,072 20,332 3,108 23,440 
3,538 7,924 1,211 9,135 
RA TIO OF CASH 
OUTLA Y TO CASH 
GENERATED 
1:3.05 
1:2.94 
1:2.58 
.j:;-
'-J 
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Total cash outlay and total cash genera ted are given on a per cow 
and per head basis in Table 5.6. This is more indicative of the 
performance of each system than the averages per system presented in 
Table 5.5. The average cash outlay per cow in the traditional system is 
2,055 pesos per year. From this cash outlay 6,271 pesos are generated, a 
ratio of 1 to 3.05. This is a more favorable return to cash outlay than is 
found in the other systems. The improved system has a cash outlay of 
5,027 pesos per cow and a return of 14,757, a ratio of I to 2.94-. The 
intensive system is typified by a cash outlay of 9,072 pesos per cow and a 
return of 23,4-4-0 pesos giving a ratio of I to 2.58. Though the level of 
cash outlay and cash generated is less in the traditional system, it is at 
least as efficient as the other systems in generating cash. This point is 
quite relevant when considering the traditional producer's need for cash 
income. 
The importance of income received from milk production is evident 
when viewing the value of milk and beef sales for the traditional 
producers (Table 5.5). The value of milk production represents 59 percent 
of the average revenue generated by the traditional production units. 
Moreover, the income is received on a regular basis (weekly), thereby 
improving the cash flow situation of these producers relative to strictly 
beef production units. 
SUMMARY OF ANALYSIS 
All measures except the ratio of cash outlay to cash generated 
indicate that the performance of intensive tropical dairy system is 
superior to that of the other systems in the Humid Tropics of Mexico. 
However, the importance of the technical assistance received by these 
production units from Nestle should not be discounted. It remains to be 
seen if these dairies can be productive in the absence of this assistance. 
Management and capital requirements are much greater in this system. 
There is an adequate return to capital invested under present conditions, 
but the high cost of implementing such a dairy operation is prohibitive for 
most private producers. The level of technical sophistication necessary 
for the operation of this system may be too great to expect its use to 
become widespread in the Humid Tropics. 
The improved rejegueria system can be identified as having the 
second best performance under the criterion utilized. Capital investment 
is high in the improved system but less than that required for the 
intensive tropical dairy system. The management level in this system is 
sophisticated but does not approach that of the intensive tropical dairy 
system. Structurally the system resembles traditional rejegueria. 
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If the cost of technical assistance to the intensive tropical dairy 
system by Nestle were included, its profitability would no doubt be 
significantly reduced. The traditional rejegueria system is significantly 
less profitable than either the improved rejegueria or the intensive 
tropical dairy systems. This can be attributed to the small size and near 
sUbsistence level operations of many of these producers. However, this 
system is at least as efficient as the other systems in generating cash 
income from a given cash outlay, an aspect very important to the 
traditional producers. Management capability among these producers is 
lower than that of the other two systems. However, there are a large 
number of producers utilizing the traditional system. Though technically 
unsophisticated and small in size, these producers currently are a 
significant factor in the production of milk in the area. 
VI 
ECONOMIC FEASIBILITY OF INCREASING MILK PRODUCTION 
Increased milk production in the Humid Tropics of Mexico could 
take place on two different levels; within the confines of the traditional 
rejegueria system and at a systems level. These are not necessarily 
mutually exclusive and, in fact, could be complementary. 
The traditional rejegueria system, which dominates milk production 
in the Humid Tropics, will exist for the foreseeable future. Therefore, it 
seems advantageous to capitalize on the possibility of increasing milk 
production within this system. The dichotomy discussed in Section IV and 
analyzed in Section V provides a basis for conceivable increases in milk 
production within the traditional system. 
Increasing milk production at a systems level involves the 
converSIon to a more productive and profitable system by current 
producers. Individuals not currently engaged in milk production could 
begin production. However, this issue is not a concern of the study. 
FEASIBILITY WITHIN THE TRADITIONAL REJEGUERIA SYSTEM 
Data limitations preclude a rigorous analysis of the economic 
feasibility of a move toward specialization (meaning a transition towards 
an operation utilizing only dual-purpose cows) within the traditional 
system. However, given available data, it appears that increases in milk 
production could be achieved through the specialization. 
Milk production is 68 percent higher for the group of specialized 
producers in this system (Table 6.1). As was discussed in Sections IV and 
V, the specialized dual-purpose producers appear to have a stronger 
financial position than those with both beef and dual-purpose cows. On a 
day to day basis, these specialized producers experience fewer cash flow 
problems because of the additional income generated by the higher milk 
production. 
Because of the higher milk production and seemingly stronger 
financial position, a transition toward specialization would seem to be 
advantageous. Individual average yearly production by these producers is 
not large relative to the improved rejegueria or intensive tropical dairy 
producers, but the large number of traditional producers causes it to be 
the dominant system in the region. A 68 percent increase in milk 
production by a substantial number of these producers would lead to a 
significant .increase in milk production in the Humid Tropics (to be 
discussed further later in this section). 
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TABLE 6.1 
COMPARISONS OF SUBDIVISIONS OF THE TRADITIONAL REJEGUERIA SYSTEM 
DUAL-PURPOSE ONL Y VS. BEEF AND DUAL-PURPOSE 
Variable Dual Puq~ose Only Beef and Dual-Puq~ose Difference 
Capital Invested 4,896,040 2,451,114 2,444,926 
Land Value 2,350,167 1,175,910 1,174,257 
Livestock Value 1,624,875 1,028,090 596,785 
Milk Production 
In Liters 32,053 19,125 12,928 
Value of 
Milk Production 279,893 148,392 131,501 
Value of 
Beef Production 176,396 124,545 51,851 
Total Value of 
Beef & Milk 456,289 272,937 183,352 
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It appears that increased revenues from beef production could also 
be realized by specialization (Table 6.1). Sales of livestock are 41 percent 
higher in the specialized group, even though all cows are milked in 
addition to supporting a calf. It would seem advantegeous for the 
traditional producers to undertake what steps are necessary (e.g., improve 
genetic quality in the herd, improve pasture, upgrade parasite control and 
vaccination programs) to allow them to milk all cows in the herd. These 
steps alone could increase the average milk production of these producers 
by approximately 50 percent; from an average of 19,000 liters to 32,000 
liters per year. At the same time revenue from the sale of livestock 
would also increase (Sale of Livestock, Table 6.1). 
FEASIBILITY AT A SYSTEMS LEVEL 
In the past, the opera tion of the intensive tropical dair ies has relied 
heavily on the technical assistance from the Nestle Co. The extent of 
this assistance is described in Section II. The adoption of the intensive 
system by other producers would logically require similar technical 
assistance. This assistance and its implementation on a large scale would 
require vast resources, both human and monetary. Total capital 
investment required by an intensive tropical dairy unit is greater than 
that needed for the improved rejegueria system. Though it has been 
shown that with sophisticated management techniques the intensive 
system can be productive, this level of sophistication is far from the norm 
among producers in the Humid Tropics of Mexico. 
For these reasons the intensive tropical dairy system is not seen as a 
system which could attain widespread use in the Humid Tropics in the 
near future. The successful adoption of the intensive tropical dairy 
system by a significant number of producers would hinge on a drastic 
increase in sophistication of management techniques. This level of 
upgrading of management is not likely to occur in the short or even 
intermediate run. It would seem that the improved rejegueria system 
shows greater potential in this sense. 
The improved rejegueria system, though significantly more 
productive, is structurally similar to the traditional system. It is assumed 
that the producers adopting the improved system would come from the 
pool of producers constituting the traditional system or from beef 
producers with an incentive to begin producing milk. The improved 
system would be much more familiar to these producers. The transition in 
management techniques required for traditional producers to adopt the 
improved rejegueria system would be much more feasible than that 
necessary to reach the level of the intensive system. 
FEASIBILITY OF CONVERSION TO THE IMPROVED REJEQUERIA 
SYSTEM 
Persons intending to adopt the improved rejegueria or the intensive 
tropical dairy systems face a substantial capital investment requirement. 
Since it is difficult to ascertain the average additional investment 
necessary for persons who are not currently producing milk (this group 
could vary from beef producers to beginning producers), the average 
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additional investment presented in Table 6.2 is for transitions from the 
traditional to the improved system. These estimates consider only 
increases in mean capital investment, not the cost of increasing 
management capabilities to levels compatible with the requirements of 
the two systems. 
For the average traditional producer to reach the average capital 
requirement of the improved rejegueria system, an additional investment 
of 6,508,558 pesos would be required. Also, costs could be expected to 
increase 823,583 pesos. Average returns from the sale of milk and 
livestock could be expected to increase by 1,726,905 pesos as a result of 
the conversion. 
Given the cost of conversion, the adoption of the improved 
rejegueria system depends on the economic feasibility of undertaking the 
necessary investment. Two criteria must be addressed in establishing the 
feasibility of conversion. The first is to ascertain whether investing funds 
in the adoption of the improved system would provide a return comparable 
to that obtainable in an alternate investment over a given time period and 
at a given interest rate. A second factor to consider is whether cash 
flow problems would arise during the relevant time per iod (usually the 
first years of the repayment period) if funds are borrowed to make the 
conversion. These two criteria are evaluated in the following sections by 
using net present value and cash flow analyses. 
NET PRESENT VALUE ANALYSIS 
The equation used to estimate the net present value of the 
investment is: 
NPV = -INV + ( A * USPV ) + SV 
where, 
NPV = Net Present Value 
INV = Investment Level 
{i+i)n 
USPV = Estimates annual Net Return (TR - (FC + VC + DEPR)) 
A = Net Present Value Coefficient = I(l-O.+i)-n) 
1 
SV = Salvage value 
n = Time per iod 
The net present value of the investment was calculated for three 
time periods (i.e., 10, 15, and 20 years). The results of these calculations 
are presented in Table 6.3. Immediate adoption of the improved system is 
assumed, as well as a salvage value equal to the original investment. * 
* The required investment is primarily land, buildings, and livestock. It is 
assumed that the real value of assets will remain constant over time i.e., 
the value will fluctuate precisely with inflation rates.Though equipment 
will depreciate, it is a minor portion of the total investment and is 
ignored. 
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TABLE 6.2 
ADDITIONAL COSTS AND RETURNS OF CONVERSION: 
TRADITIONAL REJEGUERIA TO IMPROVED REJEGUERIA, 
(IN PESOS) 
Total 
Herd Value 
(includes horses) 
Land 
Fences and 
Buildings 
Equipment 
Total 
Fixes Costs-Depree. 
Variable Costs 
Total 
Value of 
Milk Production 
Liters 
Value of 
Beef Production 
Traditional to 
Improved Rejegueria 
Additional Capital Investment 
6,508,558 
1,903,44-2 
3,143,102 
869,563 
592,452 
Additional Fixed and Variable Costs Per Year 
692,674 
312,473 
380,201 
Additional Returns Per Year 
1,726,905 
1,249,169 
161,358 
477,736 
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TABLE 6.3 
NET PRESENT VALUE 
OF INVESTMENT 
(IN PESOS) 
YEARS 
10 yrs. 15 yrs. 20 yrs. 
Interest 
Rate 
10% 2,356,122 2,915,900 3,264,341 
15% 291,063 338,457 362,369 
16% -34,737 -40,270 -95,937 
17% -336,052 -390,727 -406,219 
20% -1,288,404 -1,280,295 -1,302,083 
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Table 6.3 indicates that the investment would be feasible at real 
interest rates of up to 15 percent. The present value did not vary enough 
across time periods to affect the profitability of the investment. Given 
that real interest rates have traditionally been assumed to be around 
three percent, this real rate of 15 percent indicates a very profitable 
return from the conversion to the improved systems. 
CASH FLOW ANALYSIS 
Even when it is shown that an investment will be profitable over a 
given period, it remains to be seen if the investment will generate 
sufficient income to pay back debts in a timely fashion. If an investment 
is profitable over a long per iod of time but genera tes a small or negative 
income in the first years, it may be that it would not be possible to make 
principle and interest payments in the short run. Because of this, it is 
important to compare anticipated income to projected costs, interest and 
principle payments. Extension economists at the University of Missouri-
Columbia have developed a computer program FTRAN* for this purpose. 
The program evaluates the anticipated cash flow of the investment for a 
four year per iod. 
The cash flow analysis assumes that the intermediate system is 
adopted completely the first year. All funds necessary for the transition 
are borrowed at that time. In this way, the traditional producers would 
achieve the average investment of the intermediate system the first year. 
Table 6.4 presents the results of the FTRAN analysis for real interest 
rates ranging from 3 to 15 percent. Investments in land, buildings and 
livestock are assumed to have a payback period of 10 years and 
investment in machinery 5 years. With adoption of the intermediate 
system, net income is sufficient to pay a 7 percent real interest ra te, as 
well as the necessary principle payment. 
*Prepared by Myron Bennet and Herman Workman, Extension Economists, 
Farm Management, Agricultural Economics Department, University of 
Missouri-Columbia, July 1981. 
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TABLE 6.1.j. 
CASH FLOW ANALYSIS AT AL TERNA TIVE REAL INTEREST RATES 
Real Rate Net Income less Interest and Principle Payments 
of Interest 
(Percent) Year 1 * Year 2 Year 3 Year 4 
3 1,162,1.j.15 362,358 381,231 400,104 
5 1,162,415 21.j.8,387 279,81.j.2 311,297 
10 1,162,415 134,418 178,453 89,279 
15 1,162,415 -1.j.5,541 26,369 89,279 
20 1,162,415 -321,469 -238,816 -191,663 
*The FTRAN program assumes no pr incple or interest payment on funds 
borrowed for conversion during the first year. 
SUMMARY 
This study presents a comparative analysis of three milk production 
systems found in the Humid Tropics of Mexico. The objective of the study 
is to describe each system and compare the production levels, costs and 
returns of each system with the intent of identifying a milk production 
system which has the potential to increase milk production in the Humid 
Tropics of Mexico. 
Three milk production systems were identified by the author and 
survey data were collected during a field research period (January 15 to 
April 15, 1981) at the Colegio Superior de Agricultura Tropical in 
Cardenas, Tabasco. As identified by the authors, the systems are the 
traditional rejegueria, improved rejegueria and intensive tropical dairy. 
Two of these systems (traditional and improved rejegueria) are dual-
purpose in nature, meaning the cow raises a calf and at the same time 
produces additional milk which is sold as fluid milk. This feature makes 
these systems quite distinct from dairy production systems in more 
temperate regions. Traditional rejegueria is the dominant milk production 
system in the Humid Tropics of Mexico. These producers can best be 
described as beef producers who have begun milking some or all of their 
cows in order to attain a more regular income. The improved rejegueria 
system is structurally similar to the traditional system, but a greater 
average capital investment and more sophisticated management result in 
the improved system being more productive. 
The third system, intensive tropical dairy, is the result of an 
attempt by the Nestle Co. to establish confinement dairy operations in 
the Plan Chontalpa near Cardenas, Tabasco. The system, as it exists 
today, is pasture intensive (extensive) and utilizes only minimal amounts 
of supplement. 
Primary data were collected for both the traditional and improved 
rejegueria systems. A total of 24- traditional production units were 
surveyed at random* throughout the Humid Tropics. To the authors' 
knowledge, only three improved production units exist in the region; all of 
which were surveyed. The survey instrument was identical for both 
systems and was developed by the authors during the first stages of the 
research period. Secondary data were obtained from the three intensive 
tropical dairies in the Plan Chontalpa. 
A dichotomy was apparent in the traditional system which was then 
analyzed to ascertain if increased production could be achieved within the 
traditional system. Producers with herds consisting of solely dual-purpose 
cows were considered to be specialized relative to others with beef and 
dual-purpose cows. The sample size was small and variation across 
production units for several variables was large, limiting inferences which 
could be made from the data. However, it appears producers specializing 
*Five production units in the area of Cardenas were surveyed subjectively 
because of the lack of a list of producers for that area. 
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in dual-purpose cows have a stronger financial positlon than those with 
both beef and dual-purpose cows. Milk production averaged 32,053 liters 
per year for specialized producers and 19,125 liters for producers with 
beef and dual-purpose cows. Also, revenue from the sale of livestock was 
greater for specialized producers averaging 176,396 pesos compared to 
124,545 pesos for unspecialized producers. 
The comparison at the systems level was made more difficult by the 
lack of homogeniety across the three systems. The traditional system 
consists of production units with beef and dual purpose cows and others 
with only dual-purpose cows. The improved rejegueria production units 
utilize only dual-purpose cows. 
The intensive tropical dairy production units all use exclusively pure 
bred Holstein cows. The nature of the dual-purpose systems frustrated 
attempts to partition out the dairy enterprise of each system for 
comparative purposes. Dual-purpose cows are essentially beef cows which 
produce a surplus of milk so that some milk may be marketed even though 
the cow is sustaining a calf. Since the milk is consumed directly by the 
calf, the amount cannot be measured and thus valued. This milk 
consumed by the calf is a good which is being transferred from the dairy 
enterprise to the beef enterprise and must be measured and valued to 
separate the expenses of the two enterprises. Also, given the nature of 
the dual-purpose cows it is difficult to establish which cows are members 
of the dairy herd and which are strictly beef cows. For these reasons, the 
three systems were compared as systems with no attempt to arbitrarily 
define the milk production enterprise in each. 
Four performance measures were used in comparing the three 
systems. Given the lack of homogeniety across systems, the performance 
measures were not entirely consistent measures of the performance of the 
three systems. For this reason, the strengths, weaknessess and possible 
biases of each measure were discussed in a conceptual issues section. The 
performance measures utilized were: 
- Return to Capital, Family Labor, and Management 
- Costs and Returns of Production Per Liter of Milk Marketed 
- Costs and Returns Per Cow and Per Head 
- Cash Outlay vs. Cash Generated 
The return as a percent of capital invested (in pesos) was 3.96 for 
the traditional rejeguer ia system, 10.37 for the improved rejeguer ia 
system and 21.17 for the intensive tropical dairy system. This is the ratio 
of average capital invested to average return (net return plus opportunity 
costs) for each system. 
The average return per liter of milk marketed was 0.879 pesos, 
3.902 pesos, and 4.996 pesos, respectively, for the traditional, improved, 
and intensive systems. This measure deducts opportunity costs, fixed 
costs and variable costs from total revenue to arrive at the average 
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return for each system. This figure is then divided by the average number 
of liters produced. 
The average returns per cow and per head for the three systems are 
191 pesos per cow and 34 pesos per head for the traditional system, 5,487 
pesos per cow and 2,272 pesos per head for the improved system, and 
11,820 pesos per cow and 4,626 per head for the intensive system. 
The ratio of cash outlay to cash genera ted is meant to evaluate the 
ability of each system to produce cash income. Since many traditional 
producers exist at or near the subsistence level, cash genera ted is 
relevant in the evaluation of the viability of the systems. 'The cash outlay 
to cash generated ratio is I to 3.05 pesos in the traditional system, I to 
2.94 pesos in the improved system and 1 to 2.58 pesos in the intensive 
system. It was noted that whereas the traditional system appeared 
inferior to the other systems in the context of other performance 
measures, it is a more efficient generator of cash income relative to cash 
outlay. 
Cash generated per cow and per head were evaluated for each 
system. The traditional system had an average cash outlay per cow of 
2,055 with an average cash return generated of 6,271 pesos. The 
improved system's cash outlay averaged 5,027 pesos per cow with a cash 
return of 14,757 pesos. The average outlay for the intensive system 
averaged 9,072 pesos per cow with an average cash return of 23,440 pesos 
per cow. Because these totals were divided by a constant (the average 
number of cows) the ratios of cash outlay per cow to cash generated per 
cow are identical to those associated with the totals for each system. 
It was determined that development of milk production potential 
could possibly take place within the traditional system, as well as at a 
systems level. The specialization of traditional producers to utilize solely 
dual-purpose cows would appear to increase the average milk production 
of these producers from an average of 19,000 liters per year to 32,000 
liters per year. This represents an increase of 68 percent in milk 
production. At the same time revenue from the sale of livestock would 
increase from 124,54 pesos to 456,289 pesos. 
Development at the systems level involves the identification of the 
most viable and productive system for the purpose of expanding 
production in the Humid Tropics. Because the high level of technical 
assistance required for the intensive system, the improved rejegueria 
system was identified as being the most feasible for adoption by producers 
in the region. The cost of conversion from the traditional to the improved 
system and the traditional to the intensive system were calculated. 
The feasibility of conversion from the traditional to the improved 
rejegueria system was evaluated using net present value and cash flow 
analysis. The net present value of the investment was evaluated for time 
periods of 10, 15 and 20 years and at interest rates ranging from 10 to 20 
percent. Immediate adoption of the improved system was assumed and 
income was assumed to be a uniform series equal to the average net 
return for the improved system. The various time periods did not have a 
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significant enough effect to alter profitability at the various interest 
rates. 
The cash flow analysis was utilized to determine if cash flow 
problems would occur during the repayment period of the loan. The 
analysis indicated that cash flow problems would occur during the first 
years of the investment at interest rates of 15 percent or greater. 
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